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PREFACE. 

Any reader expecting this book to consist of a compilation of the 
so-called " systems " of Wireless Telegraphy will be deceived. I fail 
to see that such a compilation would be of use to anyone, believing 
rather that a simple and comprehensive unfolding of the fundamental 
principles and working methods of modern telegraphy by means of 
electric waves is the more appropriate. On these grounds I may 
claim the right to term my work objective. Besides, I can draw on the 
abundant store of personal practical experience I was able to gather 
as manager of the important experimental stations on the Baltic Sea 
(Sassnitz-Gross-Moellen) for Professor Braun, Siemens & Halske. 
Hence I hope to create interest in wider circles for this rapidly 
growing branch of science and technology, as well as to perform 
some service to those more closely concerned with the subject, by 
combining theory and practice. 

It is for me a welcome duty to offer my thanks in this place 
to Dr L. Mandelstam, for his advice and skilful xjo-operation in 
the most recent attempts to develop a selective system of wireless 
telegraphy. I am also greatly obliged to the Gesellschaft fur 
drahtlose Telegraphic ** Telef unken," of Berlin, for the use of blocks 
and photographs, and also wish to express my thankfulness to 
Mr M. G. Fox, for his kind assistance in revising the English 
style of the manuscript. 

G. EICHHORN. 

Zurich, January 1906. 
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CHAPTER I. 

INTRODUCTION. 

'■^*-^»<4^ The historical development of wireless telegraphy may be summar- 

ised briefly. 

Every physicist knows that the scientific foundations were already 
most widely laid. 

Michael Faraday's original and ingenious ideas of interpreting the 
action of forces at a distance broke the ice, and, transplanted into the 
brain of a Clerk Maxwell, generated that undying masterpiece, the 
electromagnetic theory of light. Eays of light, radiant heat, and rays 
of electrical energy, must be thoroughly identical in character, dififer- 
ing merely in the dimensions of their wave lengths : they must all be 
based upon electromagnetic oscillations in the all-penetrating universal 
ether, in which they spread at the same enormous velocity of 186,000 
miles per second. Equally ingenious with the theory was the long- 
delayed proof advanced by Heinrich Hertz with his renowned investi- 
gations into the propagation of electrical energy. Besides, the laws of 
oscillating discharges for the generation of periodic electromagnetic 
vibrations were known through the labours of Helmholtz, William 
Thomson (Lord Kelvin), and Gustav Kirchhoff, and had been verified 
in all their details by that rarely-endowed experimenter Feddersen. 
The experimental conditions with which they worked, however, were 
not adapted for action at a distance, this being first accomplished 
by the special form of Hertz's arrangements. The uniform subjection 
of all radiant phenomena to the same laws then became clearly 
apparent, and we learned how to guide the mechanism of the ether 
at pleasure and to detect the results of its action at distant stations. 
Signalling, by means of electrical waves, through the free universal 
ether was made possible, and wireless telegraphy was born. If it be 

1 



2 WIRELESS TELEGRAPHY 

desired to speak of a "system" at all, it would be only just to talk of 
the Hertz system of electrical-wave telegraphy. As a matter of fact, 
in point of principle, there is nothing in modern wireless telegraphy 
that was not contained in the above-mentioned stage of development, 
brought to such a brilliant conclusion by the labours of Hertz. 

Nevertheless, considerable time elapsed before the new revolu- 
tionary discovery found application in practice, this being impossible 
so long as one was restricted to the delicate appliances with which 
Hertz detected the propagation of electrical radiation. 

In 1890 this obstacle was finally overcome, through the discovery 
by a French physicist, Branly, of a phenomenon which led to the pro- 
duction of the coherer, the soul of practical wireless telegraphy. In 
1894 Lodge first employed the coherer for laboratory experiments. 
It was not, however, until 1895 that the use of a coherer outside the 
laboratory came into notice through Professor PopofiF, who exhibited 
before the Military Academy in Cronstadt a registering device for 
aero-electrical discharges, wherein the electrical impulses were automa- 
tically indicated by means of a coherer in conjunction with a tapper. 
The decisive turning-point was reached in 1896, by the labours of 
Guglielmo Marconi, who made a definite attempt to elaborate a system 
of wireless telegraphy by means of electric waves. True, he stood 
upon the secure foundation of the ingenious experiments of Hertz ; 
but the persistence and skill with which he contrived to overcome 
the practical difiiculties in his way, cannot be sufl&ciently admired. 
Thus Marconi was the first to actually telegraph over a distance of 
many miles without wires, thereby winning lasting renown. 

However, the capacity of his instruments soon reached a limit. 
In Germany, too, the labours of Slaby-Arco led to no improvement, 
in point of principle; but the course of development was diverted 
into an entirely new channel with unexpected progress by the work 
of Professor Ferdinand Braun, of Strassburg. 

By complete mastery of the existing material, well-designed 
application of scientific principles and appropriate use of technical 
appliances, he created the basis on which wireless telegraphy is now 
everywhere conducted. To the personal modesty of Professor Braun 
nothing is more objectionable than the fruitless conflict over the so- 
called " systems " : and he would be the first to put an end to the 
envious and distracting outcry raised by the companies engaged in 
exploiting wireless telegraphy, and to use the name "Hertzian 
Electrical- Wave Telegraphy " as the worthiest title possible. 



CHAPTEE II. 
THE ETHER AND ELECTRICAL OSCILLATIONS. 

THE ETHER. 

The processes with which we have to deal in wireless telegraphy 
are carried on in that infinitely tenuous medium known as the ether, 
which penetrates all matter, and yet seems to stand in a very definite 
relation to it. 

Almost contradictory to such a property is the extreme elasticity 
of the ether, by reason of which periodic vibrations are transmitted 
with a velocity which though finite is none the less enormous, 
namely, 186,000 miles per second. 

One side of the physical character of the ether is revealed by its 
elastic tension, which is well defined both in value and direction, as 
may be shown by the lines of electric force. Tension curves of this 
kind form the electric field, and have their beginnings and ends in 
the bodies by which the field is excited. 

Another physical property of the ether reveals itself in a kind of 
motion. Here we have apparently to do with a rotation or torsion 
of minute ether particles; and to this frictionless motion without 
change of position of the particles themselves the name " magnetic 
field " has been given. 

There is still another manifestation of force by ether, namely, 
gravitation; but up to the present its nature has not been 
determined. 

The electric and magnetic conditions of the ether have an 
invariable mutual relation, from which the laws of a periodically 
varying condition, the electromagnetic field, have been deduced. 
This forms the mechanism by means of which the rapid vibrations 
of light, with their delicate wave-curl, spread out in a similar manner 
and at the same velocity with the far slower oscillations of corre- 
spondingly greater wave length employed in wireless telegraphy. 



WIRELESS TELEGRAPHY 



Electric and magnetic forces are mutually perpendicular; and, 
as we have to deal with transverse vibrations, the electromagnetic 
energy is transmitted at right angles to both, this being the direction 
of radiation. 

OSCILLATIONS. 

We must now picture to ourselves the method in which electrical 
oscillations originate. 

In the year 1847 Helraholtz iSrst definitely expressed the con- 
ception that, under ordinary conditions, in discharging a Leyden jar 
(fig. 1) with a discharger (the path traversed by the spark being 
represented at F) we have to do with vibrations ; 
that is to say, the electricity flowing through the 
wire of the discharger oscillates to and fro between 
the coatings like a liquid in a U"t^t)e when its 
equilibrium is destroyed. 

At the present time this demonstration can be 
fully elucidated. The diflference of potential exist- 
ing between the coatings of the charged jar sets 
the electricity in motion. A current is produced, 
and this continues to increase in intensity until a 
maximum value is reached, whilst the potentials 
concurrently decline to zero. The current in its 
onward path now charges the coatings in the 
opposite direction: its intensity sinks to zero, 
whilst the potentials are almost wholly restored. Both the charges 
and potentials are now of the opposite sign to what they were at 
first ; the series of phenomena is repeated, but in the opposite direc- 
tion, being then reversed once more, and so on, until the vibrations 
gradually die away, in consequence of loss of energy, and thus the 
stage of quiescence is reached. We have a permanent transmutation 
of the potential and kinetic forms of energy as in the case of a 
swinging pendulum. 

It was to be expected that the phenomena of the .discharge 
would be determined by relations existing between the dimensions 
of the electrical constants of the discharge circuit, namely, capacity, 
self-induction, and resistance, the definition of which terms we will 
assume to be understood. It was not, however, until the theoretical 
investigations of Sir William Thomson (Lord Kelvin) in England and 
Professor Gustav Kirchhoff in Germany, that a clear idea was obtained 



J 



Fig. 1. — Circuit of 
Discharge of a 
Leyden Jar. 
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into the possible eventualities and the conditions to which they are 
subjected. 

We will now proceed to mathematical deductions, valuing the 
above-mentioned constants in accordance with the conditions pre- 
vailing in the appliances used in wireless telegraphy. 

In a discharging circuit in which C represents the capacity, L 
the self-induction, W the total resistance, and E the difference of 
potential between the coatings of the condenser (with a charge, Q), 
the discharge generates a current, % in accordance with the equation 

^= — — - — , wherein t represents the time. 
W 

Moreover, E = ^ and ^ = — J^ . 
\j at 

By substitution we obtain the differential equation 

This is satisfied by Q = Ae® 
Thus we obtain for a the equation 

9 W 1 ^ 

whence 

_w + /w^ r 

If the roots are real, we have to do with a progressively decreasing 
discharge. If, on the contrary, the roots are ims^nary, i.e. if 

or W<2y5 . 

we obtain, by introducing trigonometrical functions, 

r, 'Wt. , AT W ^ . /I W\. 
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that is to say, the discharge becomes oscillatory, with the periods 

2x 



T = 

' LC ~4D 



VfTT-; 



To determine Bj and Bj, which, although arbitrary, may be taken 
as real, we may employ for our purpose the conditions 

for< = 0: Q = Q(,and^ = 0. 



dt 



This gives Bi = Qo 



B.= 



_QoW 
Hence we have 






^ ^ -m:/ , /I W2 W . /I W«\ 

\ 2LVlC"4L2 ^ 

By setting ^ V lc "" SD "" T ' 

we then have 

Q = Q^e / cos 27r ^ + . ^ ^^ • sm 27r j, \ . 

\ 2L\/nj""4L2 ^ 

The expression in brackets is of the form 

a cosx +h sinx =c sin (a;4-0), 
m which represents the phase-displacement and is determined from 

a 

Since c= Ja^^V^ 

wt 
then Q = Qo^ /~7"df"^* si^^x^ + rM. 



THE ETHER AND ELECTRICAL OSCILLATIONS 7 

When, as in our case, j^-^ can be neglected in comparison with y^ 
the expression for the duration of the vibration is : 

T = 27rVL;6. 

The damping is found from the ratio between the values of two 
successive amplitudes, i.e. : 

we WT 

~ 2L 2L ' 

e _ 

W(t+T) ~- ^ 
" 2L 

e 
which may be written as the logarithmic decrement, S : 

Here we may already mention — though the matter will be 
reverted to later — that W does not represent the constant ohmic 
resistance, but constitutes in the appliances for wireless teleg- 
raphy, as in all discharges through the path of a spark, a still 
unknown function of the quantity of electricity, the potential and 
the frequency. 

Hence there is a well-marked limit, defined by W = 2^_ 

^ C, 

separating aperiodic discharges from oscillating ones. 

A representation of the progress of aperiodic discharges with two 
different resistances, both situated above the critical limit, is given in 
fig. 2. During the discharge the potential gradually sinks to zero, the 
time consumed increasing with the resistance. The resulting current 
increases to a maximum, and then sinks to zero again. 

The progress of an oscillatory discharge is graphically illustrated 
in fig. 3, which represents a damped sinonical vibration. The 
potential and the intensity of the current diminish progressively, the 
maximum of the latter, however, coinciding with the zero points of 
the potential, and vice versa. 

In both figures the abscissae indicate periods of time, the ordi- 
nates the momentary potential. Both curves were plotted with an 
improved Helmholtz pendulum, made in accordance with the instruc- 
tions of mv esteemed instructor, Professor A. Kleiner of Zurich. 
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Of course, only the oscillations are applicable to wireless tele- 
graphy, and it is evidently a point of extreme importance to keep 
the resistance of the path of the discharge as low as possibla 
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Fig. 2. — Aperiodic Discharges. 



CLOSED OSCILLATION SYSTEMS. 

As first employed by Professor Braun, it is now almost universally 
the practice to use a Thomson-Kirchhofi* electrical oscillation circuit 
for generating powerful vibrations. 
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Fig. 3.— Damped Sinonical Vibrations. 

The 8p3cial arrangement of this apparatus is diagrammatically 
illustrated in fig. 4. To represent the capacity it contains two 
groups of Leyden jars, CjCg, the outer coatings of which are connected 
together by means of the self-induction coil, L, whilst the inner 
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coatings lead to the sparking terminals F^Fg, the poles of which are 
connected to the secondary poles of an induction coil. 

When the primary current in J is interrupted, an induction 

impulse occurs, charging the one 

inner coating positively and the other (^ 

negatively. When the discharging . ^» 

potential attains a value correspond- 
ing to the length of the spark-gap, 
the opposing electricities are com- 

pensated, the inner coatings through y^^ 

the spark-gap, the outer coating 



through the coil L. This compensa- n ^^ 

tion is oscillatory, and only possible 



1 i.1 i.1. • J' i. J • ix. Fio. 4. — Braun's closed Oscillation 

along the path indicated, since the Circuit, 

discharge cannot traverse the second- 
ary circuit of the induction coil, owing to the very high self-induction, 
%,e. the excessive inductive resistance of the latter. 

An oscillation circuit of this kind is entirely closed during the 
discharge, but it consists of two symmetrical halves, in which equal 
quantities of electricity move simultaneously in opposite directions, 
so that no appreciable external efifect is produced. The case is 
analogous to that of a tuning-fork held freely in the hand absorbing 
a very large amount of energy when struck ; the prongs, however, 
vibrate simultaneously in opposite directions, and the ear is only able 
to detect a very faint sound, even at a short distance. 

To formulate the case in electrophysical terms, it must be stated 
that to each current element belongs a diametrically opposed 
element of equal length and direction; in each the current is of 
equal amplitude and phase, but of opposite sign, regarded from a 
point at a great distance. The distance between the current 
elements is small in comparison with the wave length, as the whole 
circuit is small compared with the wave length. Therefore the 
partijd-fields of the two current elements act against each other and 
the amplitude at the resulting field nearly equals the difference of 
the amplitudes of the partial-fields, i.e. they almost compensate each 
other. It may also be said that such a condenser circuit, the 
individual wave length of which is very great in comparison with 
the length of the discharger (L), produces practically no external 
lines of force. Consequently, in accordance with the axiom of 
Poynting, it radiates little or no energy. 
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These preliminary considerations may be summed up by the 
statement that a closed condenser is only suitable for 
generating electrical oscillations. 

OPEN OSCILLATION SYSTEM. 

From the foregoing it is evident, therefore, that other means 
had to be adopted in order to transmit the electrical energy to a 
distance. This is accomplished by the Hertz oscillator, the principle 
of which can be seen by reference to fig. 5. 

A straight wire, a b (with or without the metal plates CjCg for 
increasing the capacity), is interrupted by a spark-gap F, connected in 
turn with the secondary poles of an induction coil J. The discharge 
of such an open system also proceeds in oscillations, provided the 
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F 
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Fig. 6. —The Hertz Oscillator. 



known condition for their production is fulfilled ; and at each semi- 
oscillation the poles of the system become alternately positive and 
negative by the backward and forward flow of the charge. The two 
halves of the wire, however, take up not only potential but also an 
appreciable amount of current, so that lines of magnetic force are 
developed in planes perpendicular to the axis of the wire. The 
conversion of electrical energy into magnetic energy begins after the 
electrical lines of forces have attained their numerical maximum, and 
then commence to withdraw into the conductor. 

Hertz pointed out the peculiar property of the external lines 
of force (those which have extended furthest away from the conductor 
of the electrical vibrations), namely, that they separate from the rest 
as closed lines of force, which pass off into space and return no more. 
The initial energy is thus diminished by that appertaining to the 
separated portion, i,e. the energy of radiation. 
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These Hertzian rays traverse space with the velocity of light, and 
transmit their energy through great distances. 

The true source of radiation, however, resides, not in the vibrant 
conductor, but at a distance of one quarter wave length therefrom, 
since electrical and magnetic oscillations are mutually retarded, in 
point of time, by a quarter period. Hence, within the first quarter 
wave length, electrical and magnetic forces are alternatively of equal 
and opposite signs, whereby a portion of the energy returns to the 
oscillator. Beyond this limit, however, differences of time and 
locality cause the two forces to act in the same sense, so that there 
the point of radiation is to be found. 

Both the electrical and the magnetic forces are of an oscillating 
nature, oscillating in the periods of 
the discharge, an electromagnetic 
wave resulting. Consequently, the 
wave length can be found from 
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the known equation X = TxV = — ; 

wherein X, T, n, V express the 
wave length, time of vibration, number 
of vibrations per second, i,e. frequency, 
and velocity of transmission ( = 3*10^® 
cm.) respectively. 

Marconi in the course of his practi- 
cal experiments devised arrangements 
like the one illustrated in fig. 6. This 
will be easily recognised as a Hertz 
oscillator arranged vertically, the one 
half consisting of a wire extending ////y/// 
high up in the air (aerial wire or ^ Earth. 
antenna), and the other half of an Fkj. 6.— Marconi Transmitter. 

earth connection. Marconi himself 

failed to recognise properly the importance of his air wire, believing 
that he had to deal with very small waves, generated at the ball 
terminals and radiated from the entire length of the upright wire 
He was led into this error by the Eighi radiator, which he used 
without antennae in his earlier experiments, and in which the 
dimensions of the so-called Eighi balls actually determined the wave 
length, which amounted to not more than a few millimetres. 

The complete theory of a rod conductor for electrical vibrations 
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(fig. 7) was enunciated by V. Bjerkness and M. Abraham, from 
whose results we select the following, as specially important for 
our purpose. 

When the ratio of thickness and length of the rod is sufficiently 
small (rod-shaped rotation ellipsoid) we have a decided fundamental 
vibration, the wave length of which is equal to twice the length of 
the rod. 

In addition there are formed approximately harmonic upper 
vibrations, which, however, are negligible in practice, their intensity 
being inappreciably small and their cessation occurring earlier than 
that of the fundamental vibration. 

The period of this vibration depends on the dielectric constant 
of the surrounding medium. An antenna covered with insulating 
material is of greater capacity than one of naked wire, and therefore 
gives a somewhat greater wave length. 




Fig. 7. — Rod Conductor for Electrical Vibrations. 

Damping by radiation decreases constantly with the diminished 
thickness of the rods. The importance of the cage antennae, or nets 
used in practice — that is to say, a system of wires laid parallel or 
conically — resides chiefly in the attainment of increased radiation. 
As will be more fully dealt with later, P. Drude has shown that, in 
respect to the increase in the specific periods, such a system of 
antennae is equivalent to a single antenna of large diameter; hence, 
according to the Poynting axiom, these multiple antennae are also 
equivalent, in point of radiation, to a single antenna of greater 
radius (compare also p. 47 et seq,). 

The current distribution of the rod-shaped conductor (antenna) 
may be considered as the superposition of a wave running up to 
the free extremity and of another wave of equal amplitude, but 
opposite sign of current reflected there. A stationary wave is 
formed as represented by the dotted lines in fig. 7 ; whilst the dis- 
tribution of potential is indicated by the continuous lines, and 
is naturally directly opposed to that of the current. Nodes of 
the current are invariably formed at the free ends, ix, the mag- 
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netic force disappears at these points. The prolongation of the 
antennal axis represents node lines of magnetic force, and the 
radiation of the energy of vibration consequently occurs in a 
lateral direction and not axially. 

The chief effect obtained by Marconi in replacing the one half 
of the excited oscillator by an earth connection was to increase the 
wave length. Earthing acts like reflection, in so far as the efifective 
wave length is doubled and is then equal to four times the length 
of the aerial conductor down to the earthing point. In this first 
practical appliance for wireless telegraphy, the energy is both gener- 
ated and radiated. A short examination of the conditions with 
regard to energy will soon enable us to decide on the advisability of 
such a method. 

The energy is determined by the expression — , in which C is 

z 

the capacity and V the discharge potential. The capacity of a 
simple aerial wire is very small. Even if large metal surfaces were 
suspended therefrom, as was proposed by Lodge, the gain would 
be slight ; and in any case a limit is quickly imposed, on practical 
grounds. In fact, the discharge potential alone would come into 
consideration; and this is determined by the length of the spark- 
gap. Now the resistance of the latter increases very rapidly with 
the length, especially when the quantities of electricity passing 
over are small. The damping of the vibrations by resistance is 
excessive, and we soon approach the critical limit of the oscillatory 
character of the discharges. True, Professor Braun, by introducing 
a subdivided spark^ap (which we shall have occasion to describe 
later), enabled this factor of energy to be considerably increased, 
so that it is now possible to transmit signals over a distance of nearly 
two hundred miles by simple Marconi apparatus ; but, as we shall 
shortly see, the development of wireless telegraphy has brought us 
to a territory in which new demands presented themselves. 

At all events, it may be concluded, from these considerations, 
that the best course is to utilise the open oscillation system 
solely for the dispatch of energy. 



CHAPTER III. 
COUPLED SYSTEMS. 

THE COUPLING. 

In acoustics, when it is desired to obtain the maximum tone 
from a tuning-fork, it is necessary to mount the latter on a 
sounding box, or resonator, responding to the same note. Now, we 
have already compared the tuning-fork to the closed circuit of 
electrical oscillations : and the best analogy for the open system is 
the sounding box. The aerial wire and the sounding box fulfil 
identical functions, namely, to transmit to the environment the energy 
of the relatively undamped system with which it is coupled. It is, 
of course, necessary in electricity also to provide for the fulfilment 
of the condition of resonance (or, better, syntony) between the two 
coupled oscillation systems, in order to increase the radiation of 
energy to a maximum. In this case the store of energy in the 
closed circuit is exhausted most quickly; this arrangement is 
utilised to the best advantage, when as much energy is supplied as 
is radiated. 

With regard to the connection of the closed circuit with the 
open oscillator, Professor Braun distinguishes between "direct 
coupling" (fig. 8) and "indirect" or electromagnetic coupling 
(fig. 9). However, as we shall see later, there is no fundamental 
difiference between them. . 

The oscillations are generated solely in the comparatively slightly 
damped condenser circuit of high energy capacity (primary system), 
which is completely closed by the spark-gap in discharging; and 
they are transmitted thence to the strongly damped aerial wire, i.e, 
an open, uninterrupted metallic path of low energy capacity 
(secondary system). We have here to deal with compulsory 
oscillations. 
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The effective wave lengths are determined by the frequency, 
damping, and coupling. 

THE COUPLING. 

A sufficient definition for the coupling is 

T^L,L,=V. 
wherein L^Lg represent the coefficients of self-induction of the 




Fig. 8. — Braun's Direct Coupling. 



Fig. 9.— Braun's Indirect Coupling. 



primary and secondary systems, L^g the coefficients of mutual 
induction, and t^ = XiTg the coefficients of coupling. The limits 
for the degree of coupling are determined by 0<t<1. A 
perfectly rigid coupling, t = 1, or Lj 1^ = 1^2' ^•^- where "all the 
lines of magnetic foi*ce of the . primary system must traverse 
the current plane of the secondary system, is impossible in 
-appliances for wireless telegraphy, owing to the high self-induction of 
the free aerial wire. 
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At the lower end of the same is a coil (the other end of which is 
connected to the " compensating counter-capacity " or to earth) for 
eflfecting the inductive excitation. The larger this coil, the firmer 
the coupling, in consequence of the higher mutual induction, and 
cetei^ paHhus, the shorter must the aerial wire be in order to maintain 
the self potential of the entire secondary system unchanged. Such 
shortening, however, is effected at the expense of the energy of 
radiation; and it is also counter to the dictates of experience, 
namely, that the aerial wire should be as high as possible in order 
that it may project above surrounding objects. 

In practical wireless telegraphy, the degree of coupling therefore 
varies only between perfectly loose coupling (t = 0) on the one hand, 
and fairly close coupling on the other. With respect to the efifective 
oscillations — syntony of the individual systems being assumed — the 
theoretical possibilities are reduced in this manner to two eventu- 
alities. By this means the limits of practicability and the maximum 
results obtainable in any case can be easily surveyed. This we shall 
also see from the theoretical results obtained by M. Wien, discussed 
in Chapter V. 

The coupling may also be appropriately defined in another way. 
If we let \ represent the wave common to both systems in the 
uncoupled condition, and X^ and \ the resulting deformed waves 
after coupling, the following equations apply, damping being 
neglected. 

For the longer waves, Xi = Xo J1 + t, 

For the shorter waves, \ = \q J1-t. 

For the degree of coupling t we can deduce, with a fair amount 

of accuracy, a proportionality to — ^ - — ?. 

In this manner the degree of coupling can also be determined 

experimentally with ease, by measuring the waves present in 

the coupled system with the aid of the ondameter described in 
Chapter VIII. 

COMPENSATING THE AERIAL WIRE. 

Before concluding these general considerations with regard to the 
transmitter of wireless telegraphy, it will be necessary to deal with 
the important problem of the best method of "compensating" the 
aerial wire. 
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Fig. 10. — Secondary System with Symmetrical 
Attachments. 



In fig. 10 the secondary system is again illustrated diagrammati- 
cally 4n symmetrical arrangement. At one end of the coil is the 
aerial wire, and at the other a perfectly equivalent symmetry wire. 
At the symmetrical centre Z 
we have a potential node, and 
at a and b current nodes. 
These symmetrical arrange- 
ments, on which theoretical 
calculations are based with 
regard to the duration of oscil- 
lation of the entire system, can 
rarely be realised in practice. 
Moreover, the symmetry wire 
has proved unfavourable, in 
consequence of increased damp- 
ing through the generation of 
heat in accordance with Joule's 
law, and through radiation. 
Clearly enough, however, it 
cannot be simply omitted, but 

must be replaced by a more efficient substitute. The importance 
of the symmetry wire, and the best substitute for the same, namely, 
metallic surfaces, were first theoretically elucidated by J. Zenneck. 
This observer formed the conclusion that the point of attack of the 
inductive excitation must be at a place of electrical movement 
(belly of the current), in order to excite oscillations of maximum 
intensity. This certainly seems quite obvious. 

Hence the relative position of the coupled systems must be such 
as is shown in fig. 11. On the other hand, fig. 12 indicates a false 
relative position, since in this case the primary coil is situated 
opposite a current node in the secondary system. If the symmetry 
wire be cut off in this fashion, it must be supplemented by metallic 
surfaces, so that the belly of the current may return to the right 
position. 

Fig. 13 gives the arrangement then obtained; and it follows — 

not merely from the foregoing, but also from purely theoretical 

considerations advanced by P. Drude — that we have to deal with 

well-defined conditions demonstrating the error of assuming that 

"earthing" is equivalent to a compensating counter-capacity. It 

would be more accurate to say that, in case of need, recourse may be 

2 
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had to earth connection also ; but this is quite impracticable when the 
soil is of badly conducting material. Earthing has also the drawback 




Fig. 11. — Correct Relative Position of the Coupled Systems. 

of causing considerable disturbance, by introducing atmospheric 
discharges. 

I have determined experimentally the dimensions of the com- 




FiG. 12. — Incorrect Relative 
Position of the Coupled 
Systems. 




UetaJL PlaJU 
CoujntBt CapjOjCL^ 



Fig. 13. — Symmetry Wire Supplemented by 
Metal Plate. 



pensating metallic surfaces, the results coinciding almost exactly with 
the formula (see pp. 50, 55) deduced theoretically by Drude nearly 
a year later. This circumstance, and other experiments made in 
the same connection, lead me to consider it improbable that the 
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earth plays any important part in wave transmission. On account of 
" earth resistance " in this sense, many at present hold the idea that 
the metal surfaces should be as large as possible ; but according to 
my researches, with the growing size of the compensating surfaces the 
theoretical size is at first very quickly and then gradually approached 
until we reach a corresponding maximum, which in practice shows 
itself to be the optimum. 

If the aerial wire be grounded, it must of course be borne in mind, 
as already mentioned, that the vibration is thereby lowered ; and 
besides — as L. Mandelstam theoretically deduced — the coupling 
becomes closer. 
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We will now turn to a brief preliminary consideration of the re- 
ceiving instrument and its development. 

The important component for detecting 
the electrical impulse is the coherer. This 
consists, as shown in figs. 14 and 15, of loose 
metallic powder or granules, packed into a 
small space r between the terminal surfaces 
of two metallic electrodes m, the whole being 
enclosed in a glass or ebonite tube. One 
electrode is connected to the aerial wire 
collecting the electrical impulses, the other 
to the earth. In its ordinary condition, 
the coherer forms an imperfect contact, the 
high resistance of which in the circuit of the 
element E prevents the passage of the 
current. As soon, however, as the electrical 
impulses are received, the resistance of the 
coherer sinks to a very low value. A cur- 
rent then passes, and, by means of a relay, 
actuates a more powerful circuit (Battery 
B), as shown in fig. 15. In addition to a 
Morse instrument, this circuit includes a 
tapper for the purpose of gently shaking 
the coherer into the non-conducting state 
again after each exposure to radiation, and 
thus making it sensitive to new impulses. 

Through shorter and longer radiation we obtain in this manner the 

dots and dashes of the Morse alphabet, and thus wireless messages 

are received. 
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Fig. 14. — Arrangement of 
the Coherer. 
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Opinions differ widely as to the actual manner in which the 
coherer acts, and correspondingly numerous theories have been 
advanced. It is hardly necessary to repeat them, beyond giving a 
bibliographical list in the Appendix, to which those who are inter- 
ested in the matter may refer. 

Of importance, however, are the properties of the coherer, which 
have now been definitely established and may be summarised as 
follows. The coherer reacts on fluctuations in potential, even when 



Coherer 
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Morse, 
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Fig. 15. — ArraDgement of Receiving Instrument, with Coherer, Relay, 
Morse, and Tapper. 

I 

the amounts of energy are exceedingly minute and transitory. Its 
sensitiveness to the rapidly alternating differences of potential of the 
vibrations pulsating in the receiver is so enormous that the most 
sensitive galvanometer is inferior by comparison. 

In its ordinary condition the coherer must be regarded as high 
resistance and low capacity ; and it is just these two properties 
that have rendered possible the evolution of the modern receiver, 
which — omitting intermediate stages of development — is illustrated 
diagrammatically in fig. 16. 

In this case, also, coupled systems are employed. A primary 
circuit with the capacity C and the self-induction Lj is connected 
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with the attachments (aerial wire — counter-capacity). The coherer 
is situated in the completely closed, induced secondary circuit 
with the small capacity C, and the high self-induction Lg. The 
secondary system is thus developed into an independent and but 

slightly damped form, 
capable of resonance. 
The capacities are 
furnished by variable 
air condensers 

As we shall soon 
see, a decisive part is 
played by the suitable 
distribution of capacity 
and self-induction, and 
of the degree of coup- 
ling between the at- 
tachments and the 
primary circuit, as well 
as between the latter 
and the secondary 
system. 

Such an arrange- 
ment would be impos- 
sible if the coherer 
had to be regarded as 
a high capacity or as 
a conductor. 

The accurate tun- 
ing of the receiver to 
the effective oscillation of the sender is not merely possible, but 
essential, especially in the secondary system. The capacity of the 
attachments for the primary circuit, and the small capacity of the 
coherer for the secondary circuit must be reckoned as supplementary 
capacities in tuning. 

If the sender had anything approaching the ideal properties of 
such a highly developed receiver, the sphere of activity of wireless 
telegraphy would be capable of far wider extension than now possible. 




Fig. 16.— Receiver with Tunable Secondary Circuit. 



CHAPTER V. 

THEORETICAL RESULTS FURNISHED 
BY THE SENDER. 

It was stated on p. 12 that the theory of the 'simple Hertz oscillator, 
in the form used by Marconi, was elaborated by V. Bjerkness and 
M. Abraham. As the Marconi sender now possesses little more than 
historic value, the principal results already given appeared to be 
sufficient. 

With regard to the modern coupled system we are chiefly in- 
debted to M. Wien for his very lucid theoretical explanations, which 
I have the greater inducement to reproduce, inasmuch as they are 
the base of the recent work carried on at the Braun-Siemens Baltic 
experimental station by me in conjunction with L. Mandelstam, 
for the purpose of establishing a system of selective electric wave 
telegraphy, i.e, wireless multiplex telegraphy, which object was 
accomplished with a degree of perfection previously unattained. 

Additional valuable work has been done, especially by P. Drude, 
M. Abraham, and K Mandelstam, in respect of the thorough elucida- 
tion of the phenomena of vibrations in these coupled systems. These 
works we shall have occasion to refer to frequently. 

Coupled vibrating elastic systems had previously been dealt with, 
in a general manner, by M. Wien in his publication on the reaction 
of a resonant system. He took, as a starting-point, the interesting 
acoustic experiments conducted by Warburg in 1868; also the 
theoretical labours of J. von Geitler on undamped coupled electrical 
systems (electric- or force-coupling), and the work of Galitzin and 
Overbeck on magnetic- or acceleration-coupling. In his publication 
On the Employment of Resonance in Wireless Telegrayhyy the 
developed equations were applied to the special conditions of the 
coupled electrical system of wireless telegraphy, more particularly 
in connection with inductive electromagnetic-coupling. 

23 
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In considering the case of resonance, Wien assumed the primary 
and secondary systems as each having a single degree of freedom. 
This is a special instance in the domain of the vibrations of systems 
with several degrees of freedom, the laws of which are elucidated by 
Lord Rayleigh in his " Theory of Sound." 

The reasons why very close coupling is impossible in apparatus 
for practical wireless telegraphy have been already stated on p. 15 ; 
and it was on these grounds that Wien very properly neglected the 
square of the damping and coupling in comparison with the square of 
the frequency. 

Hence we have as a starting-point the two simultaneous differ- 
ential equations of the coupled elastic systems for damped oscillations, 
and they run as follows for the force coupling : — 

This furnishes the differential equation of the fourth order : 






( cvx , a^a?o/7. , I 



,,)+— (KjHK^HWg 



and this in turn, for ?i = 5-f-iV, the biquadratic equation. 

• I +K,2K22(l-TiT2) = 0. 

J Y f The roots have the form : — S-Jciv^ 
' land -&^±iv^- 

The same applies to acceleration-coupling, which differs from 
force-coupling in dimensions of the second order alone, which can be 
neglected for the electrical system. The two simultaneous dififer- 
entinl equations for acceleration coupling are 

By introducing the electrical dimensions of the primary and 
sec( ndary systems : 
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Wi and Wg for the resistances, 
Li and L2 for the self potentials, 
Ci and C2 for the capacities, and 
L^2 for the coefficient of mutual induction, 
we have the 

Number of vibrations in 27r seconds 



Damping = A .... 

Coefficient of coupling = t 

Consequently for the oscillating potential V of the electro- 
magnetic coupled system, we have : 
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i«J%. C, 1^2 i^i.Wg dY, Y^ 
Idt^^G^ L2 rfj{2^L2 dt^Lfi^ 



The coefficients of coupling : n = -^ T9 = . 



With the individual systems in perfect syntony, the number of 
oscillations per 27r seconds will be: '"^1-- j-tt "= '*h = Y-n - 

According to IV. the solution of the dififerential equations must be 

Vi = A^e - «i* sin (,/i^ + 0i) + B^e - ^^ sin (j/g^ + V^i) 
¥2 = A26-«i« sin (,.i^ + 02)+B2e-^*sin (1/2^ + V^g)- 

Hence there are formed, in general, two common but 
mutually independent oscillations, diflFering in nimaber, v^ 
and 1/21 and in damping, B^ and ^2- 

The relations of the amplitudes A2/A1, B2/B1, and j/jj/g, cJ^cSg, are 
determined by the constants n^ and Uc^^ h^ and h^, Ti and T2, of the 
individual systems. The absolute values of AjB^ and the phase 
constants 0i^2» V^iV^2» ^^® arbitrary, or rather depend on the initial 
conditions, i.e, on the method of exciting the oscillations. 

The relation between the amplitudes in both systems is determined 
by the following equation, in which the influence of the damping (S^^) 
may be neglected with reference to the number of oscillations (v^^). 
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and accordingly 






^1 s/i,,^-n^f+4(h^,-S,'0K 
The rootsr of our equation of the fourth degree (III.) are (IV.) : 
±*.i-.Ji = ±i (Q-R)-(^«-s) 

. . „ /a a^-4c, B.\ I J(a^ - 4c)2+8(^db(a« -4c)'. 
wherein Q = V2 8^'Sf=V 1 6^ 

and a = V+»i2'+^-^^' J *= -(Ai-*2) «-<)• 
a_4c=(V- V)2 - (2A,-A2)2«+0+4t%iS^ 

It is now necessary to consider that in coupled systems of wireless 
telegraphy we have to deal with very unequal damping of the com- 
ponent systems. For the case of resonance {n^=n^=n), we shall 
have 

a=2n2-^-'L^«^, &=0, a«-4c= -MK-Kfn^+^rh* . 

At 



We have now to distinguish between two classes — 
Class A, in which the coupling predominates ; 
Class B, in which the damping is the prime factor. 

Class A is limited by Tn>\-\ 

? _JJ ^l + ^'2 

Hence oi-<>2 2~ 

and ''i = ^\/^-4+V 4 ' 

'^2 = *Vl-4"V- 4 » 
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or, since i^n^ may be neglected, for reasons already given : 



„2 = 71 — i Jrhi^ - (^1 - Aa)^ . 

Eesult: Equal damping and unequal number of oscilla- 
tions. 

Class B is limited by Tn<h^-h^ 
Then v^ — v^^^n^ 

and S^Jh^+}^J(h^-h^f-^n^, 

or approximately, 



Eesult : Equality in the number of oscillations, but un- 
equal damping. 

Before going on to discuss further the two classes, we will briefly 
summarise a purely general theory enunciated by L Mandelstam for 
any coupled sender, the damping being assumed as slight. 

For an arrangement with m closed oscillation circuits, in which 
c,/, and ^ represent the equal capacities and self-inductions respec- 
tively, we have for the fundamental oscillation. 



= '^ (— ain '^ \ 
2JPCW 47^ + 2;' 



Vpc 

wherein C = mc and P = mp, denoting respectively the total capacity 
and self induction. 

For ?/i = 10,the bracketed fraction differs from 1 by merely a small 
percentage, ie. with reference to the fundamental oscillation such an 
arrangement replaces (m being suflBciently large) an open system 
(aerial wire) of equal self-induction and capacity. This applies 
equally to the distribution of current and tension. 

In the case of two coupled systems, the primary closed and the 
secondary open, Mandelstam established for calculating the fre- 
quency n the equation, 

1 _ p _ Lg /E sin n jLEl s in n VLE/^ . 
V ^^ ~ ^^ ^ sin n jLEjl + l^) ' 
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and for calculating the current amplitudes A and B, 



A(i— V^^-M^i^B^O; 



Here C^ and L^, Cg and Lg, represent the capacity and self-induction 
of the primary and secondary systems respectively ; M the coefficient 
of mutual induction; E and L the capacity and self-induction per 
unit of length ; / and /^ the lengths of the secondary attachments 
/ a trigonometrical function dependent on n, p^ c, and m. 

The equation for the frequency has an infinite number of real 
roots corresponding to the upper oscillations. In the interval, 

>7l>0, 



Jim 



there are two real roots, corresponding to the two main oscillations. 




s e 

Fio. 17. — General Scheme for Coupled Senders. 



These two deepest oscillations alone come under consideration in 
practice ; and one of them is deeper, the other higher, respectively 
than the deepest and highest individual oscillations of the two 
systems. 

Mandelstam also shows how the direct coupling (fig. 17) can be 
traced back to the inductive coupling, the unity of principle having 
been previously demonstrated by J. Zenneck. All the equations 
concerned retain their form, provided L^ be understood to represent 
the self-induction aj8y, Lg the self-induction (Sj8e, and M that of 
the portion of Lj and Lg common to both. The direct coupling 
possesses the advantage that, in order to obtain the same degree of 
coupling, the number of windings in the aerial wire can be smaller 
than with inductive coupling. 
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We will now revert to the special deductions of Wien, the results 
of which may be formulated as follows : — 

A. In close coupling (but not quite fast coupling, which, as re- 
peatedly mentioned, is practically impossible), when given absolute 
syntony of the component systems, one of the resulting oscillations 
is as much above the common specific tone as the other is below it. 
Both have practically the same damping, namely, equal to the arith- 
metical mean of the dampings of the component systems. 

In consequence of the unequal frequency of the two resulting 
oscillations, beats occur throughout the entire oscillation, and occa- 
sionally give rise to increased amplitudes of potential. Wien also 
shows that if the specific tones of the component systems did not 
exactly correspond, the resulting frequencies would be more diver- 
gent than in case of syntony (perfect resonance). Beats are then 
present at the outset only, and disappear the sooner the greater the 
difference is in the two frequencies. 

B. In the case of loose coupling — i.e. when damping is the prime 
factor — only a single oscillation is efifeciive, the numerical value of 
whose frequency coincides with the common specific tone of the 
component systems (which should be equalised as closely as possible, 
in order to obtain maximum resonance). The damping is slight, 
since by means of perfectly loose coupling it can be reduced to 
the relatively small value of the damping of the primary circuit. 
(Theoretically there result two equal frequencies with very diver- 
gent damping; but the one damping is enormous, nearly equal to 
that of the open system, so that the corresponding oscillation, which 
is of weak energy, disappears almost immediately, and can therefore 
be practically disregarded.) 



COMPARATIVE MEASUREMENTS IN THE SENDER. CONSEQUENCES ' 

OF THEORY. 

In the measurements performed at the Baltic experimental 
stations the results obtained were completely in harmony with 
those of theory. 

In the resonance curves (fig. 18), obtained with the aid of the 
ondameter, the description and functions of which will be found in 
Chapter VIII., the abscissse correspond with the wave lengths, the 
ordinates with the squares of the current intensities which are 
registered by the Eiess thermometer of the ondameter. 
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The curve in full lines refers to class A (close coupling). 

Two waves result: Xi = 230 metres, and X2=330 metres. 

In' this case the dampings are unequal because the specific wave 
lengths of the compenent systems were unequal, measuring X prim. 

'260 metres and X sec. 280 metres 
respectively. 

The resulting deeper oscillation 
is the more slightly damped one, as 
indicated by the dotted curve. The 
latter is obtained by artificially in- 
creasing the damping in the reson- 
ance circuit, whereby the already 
strongly damped upper oscillation is 
influenced to a smaller extent than 
the less damped deeper oscillation. 

Class B (loose coupling) is indi- 
cated by the curve 

(the component systems were in 
syntony in this measurement). It 
reveals the presence of only a single 
effective oscillation ; and at the same 
time a comparison of the resonance 
curves with the corresponding level 
of the flow in the aerial wire 
(marked by horizontal lines in the 
figure) confirms the fact that the 
damping has throughout the lowest 
value in loose coupUng. 

Turning again to the measure- 
ment in class A, and assuming 
component systems, together with the 




Fio. 18. — Resonance Curves. 



perfect syntony of 
following data : — 
Specific wave length, 



the 



X = 280; 



consequent frequency, N = 



2-8 X 10* 



= l-07xl0« 



or per 27r seconds, w = 27r x 1-07 x 1 0«= 6723 x 10« 

Primary self-induction, I^ = 3*5 x 10^ centimetres ; 



hence primary capacity, G^ = -— =0*0063 microfarad. 



THEORETICAL RESULTS FURNISHED BY THE SENDER 31 
Also Lg = 4*5 X 10^ centimetres ; 

hence • Co = -==- = 4-917 x 10"^ microfarad ; 

mutual induction, L^g = 1*3 x 10* centimetrels. 

Eesistance of primary circuit estimated at 0*5 ohm at the most, 
hence W^ = 05 x 10® centimetres. 

Wg, the so-called " effective resistance," which jyould replace all 
the losses of energy, is determined from W2 = 2L2 iyy = 318 ohms = 
318 X 10® centimetres, wherein y, the log. radiation decrement, is 
determined, according to Abraham, by 

In — 
r 

The length of the aerial wire / = 6o metres. 

The " effective " radius r (see p. 47) = 10 cm., bearing in mind the 
multiplex antenna (net) used. 
The dampings are 

W 

primary \ = ^ = 7*143 x 10* , 

W 

secondary \ = ^'2 ^ 3.53 x 10^ 
21*2 
The degree of coupling : 

T= 7;;^=V?^2xk2 = 0-3276andMT = 2-2xl0«. 

The resulting numbers of oscillations per 27r seconds should be 

7l^ = 7^+i^/T27^2-(^l-7g2==7.8l4xl0^ 
^2=7i-iVT27i2-(Aj-/g2 = 5-632xl0«; 
or the frequencies 

Ni = ^ =1-2435x106, 

No = ^ = 0-89635xl06. 
^ 27r 

The experimental results (in the absence of syntony) were Xj = 

230 metres; X2=330 metres. 

or exp. Ni = ]'3xl0«, 

exp. N2 = 0-9xl0«. 

Consequently in the case of syntony (resoTiance) the difference in the 

frequencies is a minimum. 



32 WIRELESS TELEGRAPHY 

With syntony, both the resulting oscillations would have dampings 
of no appreciable difiference, namely, 

^MA^(0714+3;53)10^^ 2-122 X 105 , 
or the log. decrement 

It is evident that close coupling is not very favourable for the 
production of well-developed resonance, since in the optimum event 
(A^ = 0) the damping of the emitted waves could not be reduced by 
more than half. 

Wien showed that close coupling must be utilised in quite a 
different direction. We know that for different points in space the 
maximum amplitude values of the oscillating electric and magnetic 
forces diminish with the distance. The values of the amplitude of 
potential are, however, the decisive factor, for the coherer at least. 

Now, with close coupling, the amplitude ratio — disregarding the 
quadratic correction terms — is : 



Aj tw 

or, assuming r'n to be large in comparison with Ji^i^, approximately : 






and 

«»=u-xy -;=v^- ^e5;v tr^- ^i^^.V c, 

After half a beat ( ot^ ) the phase of the two oscillations in the 

secondary system is identical; and, neglecting the damping, the 
maximum potential will be 

V, = A,+B,= {A, + B,+T(A,-B,)}.y5; 
that is to say, only slightly removed from (Aj + Bi) fj^, 
or from N,J^^N^J^. 



THEORETICAL RESULTS FURNISHED BY THE SENDER 33 

Hence, by close coupling, the amplitude of potential will be in- 
creased a/— ^ 'old that of the primary potential. 

In our example, this would give 

. /i^— . / 4*o X 10 _, 11.^ times the primary potential. 
Vl,-V 3-5x103 ^ ^^ 

Owing to the damping during the half beat, 



V, V; 



p 2Nt 

2xe =8*4 is more correct. 



We operated in the primary circuit with a spark-gap 1 cm. across, 
corresponding to about 30,000 volts; so that the maximum 
amplitude of potential of the emitted series of waves was 

8 -4x30,000 = about 250,000 volts. 

Considerations of energy will render the matter still clearer. 
The energy of the primary system is 

E=_ 

. f , 6-3 xlO-^^x (30,000x108)' 
i.e. for our example = ^^ 



k2 



= 2-835 + 107 ergs = 2-835 watt sec. 
This energy is not very great in itself, but is expended in a very 
short space of time. As the log. decrement — r expressed, we have 

0*1 

51 oscillations before the amplitude has receded to - times its 

initial value. We will assume six oscillations, but will make Jjhe 
restriction that of the total energy during this time of 6 x 0*93 x 10~® 
sec, only one-third is converted into useful radiation, so that we 
thus obtain an effect of 

. watts = about 169 kilowatts, 



3x6x0-93x10-' * 

or about 229 horse-power. 

ffence by close cmipling the potential energy of the pi^imai^ circuit 
is explosively expelled by means of the secondary system. We obtain 

3 
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maximum efficiency and therefore transmission through maximwm 
distances, thov^gh at the cost of selective possibilities. 

In class B, namely, with loose coupling, we have to do with only 
a single effective oscillation with the damping, 

^i = ^i + 4(VA)- 

Hence, by perfectly loose coupling, the damping can be reduced to 
the relative low value of that of the primary circuit, thus fulfilling 
the condition for the development of a decided resonance. 

How does the matter stand, however, with reference to the 
maximum amplitude of the potential ? The amplitude ratio is 



or, since 8^ is small compared with Ag, 

A, 2h, 2W, L,- 

To make the relation clear we will perform another calculation 
with the dimensions already used. 

At the border between the two classes we have Tn=h^^\, 

hence U=^At/^i).n/^LiL2^ 1.52 ^ lO^. 

n 

Let us now consider the coupling to be loose, and take 
Li2 = l-3xl0». 

The coupling is t = 0*03, hence about ^th of the close coupling 
of our example. 

Now (Ji = Ai+,,7'''V =l•144xlO^ 

01144 X 10^ 
hence the decrement is 1*07 xlO^ ~^^^^^ A- 

We thus have already twice as many oscillations as with close 
coupling (for which the decrement was about -Jth). 
On the other hand the amplitude ratio is 

A2_^xLi2v^ — 1.»7»7 
A, 2W7^L,-'''' 

or only about one-fifth that with close coupling (=8*4). 
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With still looser coupling, 

T = 0-33 X 10"* {i,e. jIq of close coupling), 
Li2 = 1-3x102 
^1 = 0-718 xlO^ 

hence the decrement = 067 = about ^. 

We get, therefore, thrice as many oscillations as with close 
coupling, but with the amplitude of potential diminished forty-seven 
times. 

Consequently, loose coupling affords the possibility of generating 
feebly damped waves and thus obtaining shaiyer resonance, though at the 
cost of intensity. 



CHAPTEE VI. 
THEORETICAL RESULTS AND CALCULATIONS. 

THKORBTIOAL RESULTS AND CALCULATIONS IN RESPECT OF SENDER 

AND RECEIVER. 

The design of a modern receiver has already been explained by 
a sketch on p. 22, the primary circuit having high capacity and 
low self induction, with these conditions reversed in the secondary 
circuit, the idea being to increase the amplitude of potential, since 
the coherer reacts on maximum differences of potential. 

In pursuing the matter further we will make use of Jihe diagram 
fig. 19, all four systems being in unison (R = 280 metres). 

A. Glosdy-coupled Sender and Receiver. 

In this case the frequencies in the receiver will be analogous to 
those in the sender, thus, 

1^8=^(1+ 2) ^'^i' n='\^^y = ^2y 
and the dampings, 

^3 ^4 2 ' 

or if we regard the fully closed secondary receiving system as being 
undamped. 

It is not worth while to try and ascertain the possibility of a 
decided resonance between closely coupled sender and receiver ; for, 
as might be expected, this is not greater than in the simple original 
form of Marconi apparatus, ie. it is practically non-existent. 

The advantage again lies in another direction. If the damping 
of the effective wave were the same in the case of close coupling as 

36 
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ill a simple Marconi system, we should now have in the receiver — 
as a consequence of the 50 per cent, lower damping — an amplitude 
twice as great as in the simple systems. However, by means of the 
secondary coil with numerous windings, 

the amplitude of potential f==^=:A/=rij is increased at least 3-fold. 

Bearing in mind also the previously ascertained 8*4-fold increase of 
the potential amplitude in the sender, we arrive at the result that 
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Fig. 19. — General Scheme for Sender and Receiver. 

(neglecting the disturbances introduced by the increased distances, 
such as earth curvature, etc.), a cpmbination of closely coupled sender 
and receiver enables us to telegraph over a distance 2 x 3 x 8*4 = 
about fifty times greater than could formerly be done with the 
simple Marconi systems which were effective up to about fifteen 
miles. 

In this direction, therefore, resides the advantage of relatively 
close-coupled systems; and distances of 450 to 600 miles can in this 
way be bridged over with ordinary installations. Bearing in mind, 
however, the enfeebling influence of obstructions and the curvature of 
the earth, the range of normal installations is reduced to about 300 
miles, as practical results have demonstrated. Moreover, this pre- 
supposes the existence of favourable atmospheric conditions, namely. 
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moist, un-ionised air. If the atmosphere is not of this character, as 
is usually the case after a long spell of dry weather, a further 20-30 
per cent, must be deducted from the range. The conviction that 
a large margin of safety must be taken into calculation, coupled with 
the ever-increasing distances attempted, led to the necessity of supply- 
ing larger amounts of energy in the form of effective electric waves. 
The fulfilment of this endeavour was, however, opposed by difficulties 
of no slight character, arising from various scientific and technical 
causes. Nevertheless, this problem also has been solved by Professor 
Braun, by his method of increasing the effective energy, the principle 
of which will be described on p. 51 et seq, 

B. Loose-coupled Sender and Receiver. 
We have seen that in the sender there is only a- single efifective 
oscillation, with the damping ^1 = ^1+777 j-\y 

Le, with the damping of the primary circuit by perfectly loose 
coupling. 

Similarly we have in the receiver, 

the frequencies i/^ = ,^^ = n, 

and the dampings, S^=h,- ^^^^-j^^ s,=K+^^^^^, 

wherein T represents the coefficient of coupling in the receiver. 

Since h^=h^ is great in comparison with h^ there is again practi- 
cally only a single oscillation with the damping S^ to be considered. 

The secondary circuit of the receiver is completely closed, so that 
the damping h^ is very slight ; and by perfectly loose coupling, the 
damping S^ could thus be reduced to the very low value h^. 

Unfortunately, owing to the much greater damping S^ of the 
effective sender wave, there is still no advantage in fully utilising this 
possibility in the receiver. 

In order to find the resulting amplitude ratio, Wien reverted to a 
result of the Bjerkness theory for simple systems. Bjerkness finds for 
the maximum amplitude of the receiver 






Hence the maximum amplitude remains the same, whether a 
strongly damped sender oscillation excites an undamped receiver, or 



ao = 
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whether the eflFective wave is undamped, and the receiver has the 
same damping as the sender in the first case. Consequently the 
equations for compulsory damped oscillation under the influence of 
a periodic force (the periodicity of which determines the amplitude 
of both the coupled systems) are applicable. 

For the amplitude a2 in coupled elastic systems, Wien found 

-Ext^K,^ 



or for our case : 



V{(w2-«^)'-4AA'^-»'V}2+4vV-«'')'(As+^4)'- 
For i/=«, and neglecting v^t^ in comparison with 4kJl^, the 
maximum amplitude is 

M=— "^ 

On the other hand, Bjerkness finds for the maximum, M, of his 
resonance curve, that is to say, for the maximum potential amplitude 
in the resonator of the simple systems in unison, 

wherein X indicates the duration of oscillation, y and & the log. 
decrements in sender and receiver. 

A X'^ 1 

For equal damping (y = ^) : M = j- x — X ; 

or by introducing the damping \ instead of the decrement 

M=,.-y^ X-» 

wherein n represents the number of oscillations in 27r seconds, and 
« = 2-71828 .... the basis of the natural log. 

In our case, therefore, the maximum amplitude for the simple 

system is ^'>=^^- 

Since h^ = ^^ = 8^, then 
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Let US take still another calculation. L^ is determined by the 
equation given for S^, neglecting the small value h^. 

^ = ^=4^3^, 
L3L4 n^ 

I^t s,^i\ 

then L34 =- ~ /y/ MiI^L^ . 

We have the following data : 

71 = 6-7 X 10«, (p. 30) 

7^3 = ^2= 3-5 xlO^ (p. 31) 

(Ji= 0-72 xlO^ (p. 35) 

I^= L,2= 4-5 xlO^ (p. 31) 

L, = 9L8 = 40-5 xlQs, (p. 37). 

Hence 1^= 2-13x10*, 

and the amplitude ratio, 

M^^nl^x 2-718 ^^.^ 

Mo 2S^xJ^ 

The calculation shows that, given an equal amplitude of the 
effective waves, the amplitude in the receiver is about six times as 
great as in the simple system, and about twice as great as with 
relatively fast coupling. Nevertheless, on the other side we have 
seen that the low damping necessary to secure such an effect in the 
receiver could only be obtained through loose coupling in the sender, 
thus giving rise to a nearly 47-fold diminution of potential amplitude 
in comparison with close coupling. 

The normal range of about 300 miles for the latter is therefore 

' . 300 X 2 

diminished to — — — , or about 12 J miles when loose-coupled sender 

and receiver are used. 

The slighter the damping, the sharper the resonance, and there- 
fore the smaller the dissonance can be between simultaneous effective 
oscillations, without the possibility of mutual disturbance. 

By means of the graphical illustration reproduced in fig. 20, 
wherein the amplitude of the secondary system is represented as a 
function of the dissonance, Wien clearly demonstrated the greater 
sharpness of resonance in loosely-coupled systems than in the simple 
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system; there is a still greater contrast when the loosely-coupled 
systems are compared with close-coupled systems. 

The ratio between the maximum amplitude of the secondary 
system in unison and the corresponding amplitude in case of disson- 
ance may be termed "ratio of sensitiveness." Neglecting small 
dimensions, and with small dissonance n—v, Wien finds for this 
ratio of sensitiveness, 






-vfAn^-vf 



^^1 ■ V 



+ 1. 



If the value of the same be estimated at 2-4 according as the 
receiver is assumed to be AmpUtwdu 
2-4 times as sensitive to 
the correct frequency as to ^ 
a deviating one, it is easy 
to calculate the " necessary 
dissonance *' n^v (contained 
in the above expression) for 
which no mutual disturb- 
ance occurs. Usually the 
value 2 is sufficient for the 
" ratio of sensitiveness " ; 
but if the simultaneous 
effective oscillations differ 
in strength, say as the result 
of different distances, 4 is 
the lowest value that should 
be chosen. The " necessary 
dissonance " fluctuates ac- 
cordingly between about 5 per mille and 5 per cent, of the frequency. 

The wave lengths usual in practice, by reason of the limited height 
of the masts, vary between about 100 and 500 metres, or, expressed 
in frequencies, between 3 x 10* and 6 x 10^ sec. 

With a dissonance of 5 per mille it is possible, in accordance with 

^"^foon) ' ^^ ^^^^ messages simul- 
taneously with x=^Z22 senders, without disturbance. Similarly, with 
a dissonance of 5 per cent., 33 senders could be used, though, as we 
have seen, the range is relatively shorter. 

However, to obtain such a high selective capacity at the expense 
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Fig. 20. — Amplitude Curves as Function of 
the Dissonance. 
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of the intensity or distance seems an unnecessary detrimental luxury, 
so long as wireless telegraphy is restricted to its present chief sphere 
of application, namely, for military and naval purposes. 

As the experiments at the Braun-Siemens Baltic stations have 
demonstrated, the employment of the above described loose-coupled 
receiver with a sender coupled to a degree approximating the 
boundary of loose coupling is suflBcient, even in the case of the un- 
favourable "distance ratio" 1:10 and for a maximum distance of 
about 125 miles, to enable messages to be transmitted to a certain 
station simultaneously from several stations, working with efifective 
wave lengths diflfering by about 10 per cent. 

Such a system of multiplex wireless telegraphy, developed on these 
lines, should prove sufficient for some time. The absolute reliability 
of this system was demonstrated two years ago by the author before 
the authorities of the Imperial German Navy, after having been in 
regular work for two months. 

The method of coupling up the circuit for this multiplex tele- 
graphy will be described later. 

The tuning of sender and receiver in loose-coupled systems is not 
only possible but essential, more particularly with regard to the 
primary circuit of the sender and the secondary circuit of the re- 
ceiver. These must be tuned with almost perfect accuracy, since 
even the smallest discordance due to a few per mille variance from 
absolute syntony will immediately annul the otherwise powerful 
signals. Owing to the technical perfection of the apparatus, not the- 
slightest diflSculty in realising such sharp tuning is encountered in 
practice. 

Disturbance in loose-couple<i systems by close-coupled senders 
can be guarded against by using the latter for long distance work 
and long wave lengths only, whilst for short distances the messages 
are dispatched and received with loose-coupled systems and with 
waves of a much smaller size. 

Notwithstanding the enormous progress made in theoretical 
development and the practical application of the same, no revolu- 
tionary encroachment on the existing domain of ordinary telegraphy 
will be possible until we are able to operate with controUably 
sustained electrical oscillations of sufficient frequency, instead of 
more or less strongly damped series of waves as at present. The 
seemingly feasible project of wireless telephony by means of electri- 
cal oscillations also suffers from this limitation. 
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SPECIAL THEORETICAL RESULTS OF PRACTICAL IMPORTANCE. 

We have already seen that the value W occurring in the 
formulae is not represented by the constant ohmic resistance. 
Even when measuring free oscillations in a completely closed circuit 
(by means of the Helmholtz pendulum at the Physical Institute of 
Zurich University, Professor A. Kleiner), Heinrich Mayer finds that 
the effective resistance increases approximately with the square of 
the frequency. 

Almost simultaneously, Dolezalek, in measuring the coefficients 
of induction of coils, found that, in the case of alternating currents 
with over 300 oscillations per second, a considerable increase of 
resistance occurs in comparison with the values from direct current 
or slow alternating current. He also records a diminution of the 
self-induction with the duration of oscillation, whereas Mayer found 
a considerable increase, which Dolezalek attributes to the presence 
of high capacities. 

Wien, in his publication on the flow of rapid alternating currents 
through wire coils, made a theoretical examination of the experi- 
mental results obtained by Dolezalek. In fact, theory demonstrates 
that the effective resistance must increase with the square of the 
frequency. The occurrence of eddy currents in cases of high 
frequency causes the lines of flow to be forced progressively inward, 
the mean radius of the circuit being reduced and the self potential 
diminished. 

The practical result is that, in accordance with the proposals of 
Dolezalek, the use of solid wires for the induction coils has been 
replaced by thin insulated wires, twisted together in the form of 
cord. Such divided wires ought to have practically identical 
resistance, self induction, and mutual induction. Hence the 
** Deutsche Gesellschaf t flir drahtiose Telegraphic " (German Wire- 
less Telegraphy Co.) makes all its conductors of cords, prepared by 
a special process, the several wires of which are only 01 mm. in 
diameter. This plan of dividing and twisting the wires renders 
corrections practically unnecessary. 

The ohmic resistance of the primary circuit with the spark-gap 
is determined by the latter alone in all well-designed modern 
installations. According to a communication to me from Professor 
Drude, which also appears in his publication on the damping of 
condenser circuits with spark-gaps, the results furnished by his 
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measuring experiments show that the resistance W of the spark- 
gap is not even approximately constant, but varies considerably with 
L and C. Hence it is not possible, even by selecting a large L and 

small C, to obtain small log. decrements (y = '7rW^- j. 

The labours of Zenneck, Braun, Drude, and Abraham, with 
regard to the spark-gap, the distribution of capacity and self-induc- 
tion in the primary circuit, and other decisive factors, furnish the 
following considerations of practical importance. 

The increase of the primary initial potential with the length of 
the spark depends chiefly on the radius of the spark-gap balls. With 
large balls the potential increases approximately in proportion to the 
length of the spark-gap, up to several centimetres. It is therefore 
advisable to use large ball caps for the spark-gap, in which event the 
maximum amplitude in the secondary system will also increase with 
the growing primary potential at a relatively rapid rate up to a 
sparking distance of several centimetres. 

The modification of resistance in the spark-gap is a function of 
the quantity of electricity passing. With large capacities, of more 
than about 200 cm., the spark resistance, for a gap of about 0*5 cm., 
is of minimum value ; these represent the most favourable conditions. 

Enlarging the spark-gap increases this 
resistance, slowly with large capacities, 
more quickly when these are small. In 
normal installations the spark resistance 
should not exceed 0-l-0*2 ohm. 

Under given conditions there is always 
an optimum length of spark, i,e. one in 
iy^ which the percentage of total energy 
Fio. 21. -Spark-gaps in Series, absorbed by the spark is minimal. If 

this point be neglected, the increased spark 
damping in most cases causes a greater amount of loss than the gain 
effected by increasing the initial potential. These considerations led 
Professor Braun to introduce a series of spark-gaps, as illustrated in 
fig. 21. Instead of a simple long spark-gap, use is made of a number 
of small gaps arranged in series. The distribution of potential to 
correspond most suitably to the spark-gaps is effected by means of 
small supplementary condensers, y^, yg, y^. The capacity of these so- 
called "potential distributors" is negligible in proportion to the 
total energy of the system ; and its oscillations can, if necessary, be 
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cut out entirely by large inductive resistances. In this manner any 
desired potential of discharge can be economically utilised by employ- 
ing the most favourable length of spark. 

In the primary circuit the spark damping is the decisive factor, 
and must be kept as low as possible by the use of large capacities ; 
the self-induction will then be correspondingly small. TMs applies 
also to the case of loose coupling, though on the ground of the log. 
decrement, one would otherwise be disposed to draw an opposite 
conclusion with reference to the distribution of capacity and self- 
induction for the attainment of minimum damping in the primary 
circuit, which, as mentioned before, is the main point to be considered 
in loose coupling. 

To obtain the smallest possible decrements it is by no means 
unimportant to connect the wires from the inductor as closely to 
the spark as possible, i.e. at the potential nodes of the produced 
oscillation. 

In the case of relatively close coupling, the advisibility of having 
L as small and C as large as possible, is clearly evident for other 
reasons. This has already been shown by Wien, who demonstrated 

that the secondary potential amplitude is raised to ^/p times that of 

the primary potential. 

Drude finds generally that only a single thick primary winding 
should be used, dispersion being prevented as much as possible by 
" dead " self-induction (self-induction without inductive action). 

These considerations, moreover, formed the basis on which 
Zenneck, some years back, carried out his first practical experiments for 
Professor Braun ; and they led him to the construction of a (patented) 
sender-trausformer, the primary of which had only one winding, or 
two windings coupled up in parallel. Unfortunately, these and many 
other results obtained by this painstaking and ingenious worker have 
been entirely neglected by his successors; otherwise some very 
advantageous scientific and technical arrangements of installations 
for wireless telegraphy would have been generally known years ago. 

Zenneck had previously found, by trial, that there is always an 
optimum degree of coupling for installations with relatively close 
coupling, at which degree a maximum amplitude of potential in the 
secondary system is attained. Drude finds that this optimum degree 
of coupling should be t = 0-6, but admits that the final increase to 
the optimum is asymptotic, i.e, that relative maxima are obtained 
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with much lower degrees of coupling. J. Zenneck made some careful 
practical experiments extending the degree of coupling to t=0'6, 
and found a great discrepancy between his results and those derived 
from Drude's theoretical deductions with regard to the relation 
between the maximal amplitude in the secondary system and the 
degree of coupling. Especially, the experiments seem to point out 
that it is to no purpose to have the degree of coupling more than 
0*30-0-35. 

In theory it is assumed that the decrement of the primary circuit 
remains constant during an oscillation, and that it is independent of 
the degree of coupling. In oscillation circuits with spark-yaps this 
is certainly not the case, and hence the difference between theory and 
practice. 

Besides, for reasons already stated, such close couplings as t = 0'6 
are generally impossible in installations for wireless telegraphy. 

With regard to the secondary system, Drude employs for the 
calculation of its individual wave length a formula which we re- 
produce, with others of importance, on p. 54 et seq. However 
convenient such a calculation may be, it is only unconditionally 
applicable provided the position of the antenna approximates to the 
ideal case of a free wire. The condition of an absolutely free wire 
is only satisfied when its distance from any object in the neighbour- 
hood is at least very great in comparison to its own length. Practi- 
cally this cannot be attained, but, as done at the Baltic stations, it is 
advisable to hold the aerial wire as free as possible by the use of 
insulated ropes. Furthermore, the upper stay ropes holding the 
mast were attached somewhat lower down the mast than constructive 
security warranted; and they were insulated by insulation bolts 
above and below. Usually, however, practical conditions are of a 
much less favourable character; and it is altogether preferable to 
excite the secondary system independently, by mounting a spark-gap 
in the aerial wire and thus exciting the latter as a Hertz oscillator, 
the specific wave length being then determined experimentally by 
means of the ondameter (see p. 60). In any case a comparison 
of the results with a calculation based on the Drude formula will 
always be interesting. 

Incidentally it may be here mentioned that the wave length can 
also be approximately estimated. In most cases the current distribu- 
tion in the aerial wire is almost sinonical, and the belly of the 
current lies in the centre of the secondary coil. Therefore, for the 
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wave lengths X we get the equation - = length of the antenna plus 

half the length of the windings of the secondary coil. 

For a multiplex secondary system, Drude also formulated the 
following : — 

"A multiplex antenna (cage antenna), which may be hetero- 
geneous (partly multiplex and partly simple), *acts' like a simple 
antenna of a single wire the radius of which is equal to the radius 
(when the wires are few) or the diameter (when the wires are many) 
of the mean sectional area (reckoned as a circle) applicable to the 
total length and enclosed by the antennae wires. 

"The advantage of using multiplex antennse in the senders in 
wireless telegraphy resides to some extent in the diminution of the 
frequency, but more particularly in the increase of radiation. Both 
these results are best attained by the use of thick antennae. Multi- 
plex antennae are therefore advisable on both grounds, since they are 
able to replace the heavier thick antennae. 

"The checking action of a coil towards alternating current is 
greater in proportion as the windings are closer,- and the less the 
radius exceeds that of the straight wire conducting the alternating 
current." 

In the sense employed by Drude, this '* act " implies, in the first 
place, that the multiplex antenna is equivalent to a simple antenna 
of greater radius, in so far as the wave length of the sender is 
concerned, that is to say, it induces an augmentation of the period. 
According to the axiom of Poynting and the inalterable relative 
position of the electric and magnetic lines of force at a greater 
distance from the sender, it results as a further consequence that 
the multiplex antennae effect an increase in the radiation. With 
regard to these statements of P. Drude, we should like to draw 
attention to the following remarks by J. Zenneck, which undoubtedly 
deserve the closest attention. A simple and a multiplex antenna 
of the same frequency, and whose dimensions of cross section are 
very small compared with those of length, have in a distance which 
is great in comparison with the wave lengths, the same field when 
the current amplitude in both is the same. With the same potential 
(spark-gap) the current amplitude is much larger in the multiplex 
than in the single antenna. The relations can best be shown by 
the following. From the theoretical considerations of Herbz may 
be derived the following equation for the field intensity E (in the 
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equatorial plane which is alone to be considered in wireless 
telegraphy) :— 



in which A represents a constant factor dependent on the system 
of measurement, I the length of the aerial wire, X the wave lengths, 
i the current mean value in the antenna, r the distance from it, and 
the index o the amplitude. 

When a simple antenna is replaced by a multiplex antenna of 
the same length, and of the same wire radius, the potential ampli- 
tude being given, there are two changes — 

l_ 
{a) the frequency and hence the ratio X (p) the current amplitude \ 

2 
I 
The ratio X has been discussed by Drude, with the result that in 
2 
respect of its individual period a multiplex antenna is equivalent to a 
simplex antenna of a greater radius. Hence it follows that in both 

I 
the ratio X has the same value. As is shown by the experimental 

2 
measureYnents of Drude, this ratio for a multiplex antenna, the cross 
section dimensions of which are small compared with those of length, 
varies only slightly from that of a simple antenna of the same wire 
thickness. 

This ratio consequently plays only a minor part in practice. 
But in regard to the current amplitude a comparison of simple 
and multiplex antennae of the same length and wire thickness leads 
to the following relation : — 

I. ^ = ^ when the antenna is used as a simple Marconi sender 

or a secondary system in a loose-coupled Braun arrangement. 

II- ^ = a/ p* for antennae used as secondary systems in close- 
coupled Braun arrangements. 

Here C indicates the capacity per length unit ; the index 1 refers 
to the multiplex, the index 2 to the simple antenna. 

As the capacity per length unit of the multiplex antenna is 
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much larger ^ than that of a simple anteona, it follows that the 
current amplitude, and hence the amplitude of the electric field 
intensity E in the case of the multiplex antenna, is also considerably 
larger than in the case of a simple antenna. In this fact lies the 
real importance of a multiplex antenna, hot in the alteration of 
the period with its accompanying minute change of the field 
intensity. 

The superiority of multiplex antennae over the simple forms may 
also be expressed in the following way. From M. Abraham's puhlica- 
tion on wireless telegraphy it follows that the attainment of 
maximum potential on the upper extremity of the aerial wire is 
less important than maximum amplitudes of current at the lower 
end of the antenna. However, according to M. Wien, this current 
amplitude is nearly proportional to VC^j wherein Cj and Cg repre- 
sent the primary and secondary capacity. Hence the multiplex 
antennae act more favourably in consequence of their greater 
capacity. For the same reason of strengthening the current in the 
antenna, it is therefore necessary to minimise the primary self- 
induction as well, a result at which we have already arrived by 
another path. 

For the current amplitude, Abraham finds the following addi- 
tional axiom : — 

" If, with a given antenna of the capacity Cg (in microfarads), 
directly coupled with a primary condenser circuit, it be desired to 
obtain the highest possible increase in the maximum amplitude of 
the effective waves, the primary self-induction L^ must be selected in 
accordance with the equation Li = 6*7 X lO^Cg." 

There consequently results an optimum for L^ and a corresponding 
one for the primary capacity Cj ; any further increase of the latter 
would excessively augment the radiation and thereby weaken the 
maximum wave amplitude occurring after half a beat. These 
considerations, however, are restricted to relatively close-coupled 
arrangements of sender and receiver. In loose coupling, the chief 
point to attain is' the production of protracted oscillations, even at 
the expense of the wave amplitude. 

1 According to J. A. Fleming {Cantor Lectures on Hertzian Wave Telegraphyy 
p. 14 ; London, 1903) the capacity of a multiplex antenna whose component wires 
lie pretty close together is about VN times (N= number of wires) larger than 
the capacity of a single antenna of the same length and wire thickness ; a 
multiplex antenna of 50 wires would show approximately 7 (resp. 2*6) times 
the enect of a corresponding single antenna. 

4 
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Moreover, as results from Brundes' measurements, with multiple 
antennae the amount of the radiation in relation to the existing 
energy, i,e, the radiation decrement, is greater than with simple 
antennae ; hence the use of the former ensures better utilisation 
of the primary energy. 

For the so-called "counter capacity," already frequently men- 
tioned, namely, a metallic surface, S, which forms the electrical 
counterpoise fo^ the antenna of the length I, Drude finds the 
equation 

J- 0-603/ 
"brigg.log. //?' 

in which 9 represents the "effective" radius in the sense already 
described. 

According to Drude, the different modes of action of the various 
couplings furnish valuable information on the nature of the indi- 
cators to be used in the receiver. The coherer reacts on differences 
of potential, and therefore is evidently the most suitable indicator 
when close coupling is used, the chief property of which resides in 
the production of maximum amplitudes of potential. With loose 
coupling, however, the integral effect is the main point, so that 
Eutherford's magnetic indicator seems more suitable in such cases 
than the coherer. The reason for this is that alterations in the 
damping make far less difference to the maximum amplitude than to 
the integral effect ; hence when damping is mostly to be considered, 
the coherer suffers from a certain indifference. For loose-coupled 
apparatus it is preferable to use an antenna with relatively high 
self-induction (coils in the vicinity of the belly of the current) in 
order to prolong radiation. 

At great distances, r, the action of the sender on the receiver, 
diminishes like the amplitude of intensity of the electric and magnetic 

field, and consequently like -. The radiation - is proportional to the 

square of the resulting field intensity. 



CHAPTER VII. 

BRAUN— ENERGY SYSTEMS. 

It has already been stated that the energy available for radiation 
is determined by ^CV^, in which expression C represents the capacity 
and V the discharge potential of the condenser circuit. The 
dimensions of the capacity per se are subjected to a natural limita- 
tion by the length of waves obtainable in practice because of the 
relatively short masts. Besides, an increase of the capacity at the 
expense of the self-induction soon reaches a limit. Furthermore, 
insuperable difficulties, both theoretical and practical, oppose the 
increase of the discharge potential. 

The way out of this dilemma was discovered by Braun in a 
method of arrangement, the general principle of which is illustrated 
in fig. 22. 

Here, n equal condensers C are connected by n equal self- 
inductions L in series to a circuit which is closed by the spark-gaps 
at the moment of discharge. The charging of the condensers, 
however, is eflfected in parallel with low potentials only, by means 
of the large ohmic or inductive resistances W^, Wg, Wg, which have 
nothing to do with the oscillations. 

The total available energy is therefore 

i(^)(^V2) = ^7iCV2, 
and that, too, with an unchanged duration of oscillation, since 



T = 27ry7iI^ = 2xVLC, 



as for a simple oscillation circuit. 

Braun also proves that the spark discharge is equiphasal through- 
out, and that each spark has only the damping corresponding to the 
partial potential difiference V. 
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With an 7i.-fold energy we can thus work the n oscillation circuits 
with the same economy as a simple one. 

The energy can be utilised in many different arrangements. 
Thus fig. 23 shows the method of inductive coupling, whilst an 





Fig. 22.— General Scheme of 
Braun's Energy System.. . 



Fig. 23.— Braun's Energy 
System. 
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Fig. 24.— Braun's Energy 
System. 
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Fig. 25.— Energy System used at the 
Baltic Stations. 



instance of direct coupling for exciting n separate aerial wires is 
given in fig. 24. 

The form of arrangement illustrated in fig. 25 was used with 
great success at the Baltic stations. The condensers are connected 
in parallel, for. charging with the large resistances WjWg. The 
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induction-free " coupling arcs " K^Kg ensure that when the discharge 
takes place in A^B^, the spark in AgBg must pass simultaneously and 
in an equiphasal manner. The secondary systems were suitably 
connected in series. 

PRINCIPAL FORMULA. 

Owing to the irregular conditions it is impossible to calculate 
the capacity of the Leyden jars used in the primary condenser 
circuit ; and even measurements performed by known static methods, 
or with the telephone bridge, give entirely useless values. Thus, 
measurements, made at the normal frequencies of the oscillations 
used in wireless telegraphy, gave variations up to 30 per cent. This 
is due to the losses of energy in solid dielectric glass, these losses 
increasing with the number of oscillations and in. accordance with 
the manner in which the "residue" is developed. A condenser 
in which a residue is formed often takes several minutes to attain 
its maximum charge, so that it cannot act up to its full capacity in 
the very short time occupied by the oscillations. The difficulties 
arising from these and other factors in the way of accurately 
measuring the wave lengths generated in the primary condenser 
circuit, have now been removed by the use of a resonance circuit, 
containing an adjustable condenser with ideal properties, the 
capacity values of which, resulting from various adjustments, can 
be determined with great exactness, and if necessary reduced to 
" dynamic " capacity. This instrument is the " ondameter," or, better 
still, "frequency meter," to which reference has been made in the 
previous pages, and of which a description will be given in the 
next chapter. 

The self-induction of coils in which the dimensions of the 
rectangular section of the annular space occupied by the wire 
windings are small in comparison with the mean diameter of the 
coil (as is the case both in the induction coil of the ondameter, and 
in the primary coils in the sender and receiver) can be calculated 
according to the well-known Stefan formula, as modified by Drude, 
by introducing the necessary correction on account of the rapidly 
alternating currents used in electrical wave telegraphy. This formula 
runs : 

L=4.4(n-3-|;)log..at. ^-n+^y] + log.n.t. |-A. 
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wherein n = number of windings, 

r = radius of coil, 
h = (vi — 1)^ = height of coil, 
g = pitch of the windings, 
S = thickness of the bare wire. 

For ^1 and y^ ^^^ values should be taken from Stefan's tables 
and that for A from Drude's tables. 

The reasons for replacing thick wire in inductive coils by cords 
consisting of a number of separately twisted strands made of very 
thin wire have already been given. 

The self-induction of long, narrow coils, such as are used in the 
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Fig. 26. — Secondary System with Counter Capacity. 

secondary system of the receiver, is calculated by Drude from the 

P 



formula 



wherein 



L = 



h' 



I =2rTrn, 

r = radius of coil, 

n = number of windings, 

h =(w—l)^ = height of coil, 

g = pitch of windings. 

For calculating the individual periods of the secondary system 
(the practical use of which is dependent on a formerly mentioned 
condition) Drude gives the relations 



/3 = brigg.log.-^x{y~x0, 
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and hence the specific wave length X according to the formula 

wherein J'^o==/'^i- 

Here l^ = 2r'7rn represents the length of wire in the coil, I the 
length of the antenna, 9 its *' effective " radius (see p. 47 et seq,)y n 
the number of windings on the coil, A = (7i — 1)^ the height of the 
coil, g the pitch of the windings, 2r the diameter of the coil. The 

values for / (a function of n, — , ^, and e) and for (a function of 

— - and Y\ ^^® ^^ ^ found in Drude's tables : 8 represents the thick- 
ness of the wires, and e the dielectric constant of the core. 

For the already defined " counter-capacity," we refer to the 
Drude formula,. given on p. 50, 

0-603/ 
^S = brigg. log.//?' 

At the Baltic stations the " net " or " cage " of the aerial wire was 
mounted on rings 20 centimetres in diameter, and therefore had an 
effective radius 9 = 0*1 metre; furthermore, / = 65 metres, so that the 
dimensions, S, from the formula were 13 '93 sq. metres, whereas the 
result of the empirical determination was S = 13-7 sq. metres. 

The counter-capacity of the secondary system, diagrammatically 
represented in fig. 26, is now usually formed of a surface of wire gauze. 
With " direct " coupling, coils of suitable dimensions have to be inter- 
posed between the condenser circuit and the counter-capacity. 



CHAPTEE VIII. 
MEASUREMENT OF WAVES. 

THE ONDAMETKR. 

The principle of determining the frequency by the resonance was 
expounded by Hertz-Bjerkness. It was first applied to the practice 




Fig. 27.— Ondameter. 

of wireless telegraphy by J. Zenneck, and though Zenneck's. apparatus 
was very cleverly developed, in a technical sense, by J. Donitz, the 
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name under which it is generally known, viz., " Donitz's ondameter," 
is hardly justified. 

This ondameter (or, more properly, " frequency meter "), fig. 27, 




Fio. 28.— Plan of Ondameter. 

consists of a closed oscillation circuit, in which the dimensions of the 
capacity are made to vary within wide limits. When subjected to 
the action of an oscillating system, it is excited to oscillate in 




Fig. 29. — Ondameter Elevation. 



sympathy. The resulting currents (which are read off on a Eiess 
thermometer, the indications of which are proportional to the squares 
of the current intensities) reach a decided maximum as soon as 
perfect resonance is attained. Henc^ the same wave length is then 
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present in both systems, and can be read off on the scale of the 
ondameter. 

Figs. 28 and 29 represent a plan and elevation respectively of the 
instrument. So that a variable capacity may be available, the con- 
denser is composed of two sets of parallel semicircular plates, one of 
which,/, is fixed, and the other, J, can rotate on the axis a. Both 
sets are mutually insulated, the component members of each set, 
however, being in metallic connection and connected with the poles 
Pi and p^. 

By turning the knob g the movable plates are caused to enter 
the intermediate spaces between the fixed plates, whereby the 
effective surface, and therefore the capacity, is gradually increased. 
The condenser is immersed in a bath of vaseline oil, c (boiled in 
order to expel air bubbles), for the purpose of securing more 
complete insulation, and to increase the limits of capacity, owing 
to the greater dielectrical constant of vaseline oil in comparison 
with air. 

The self-induction coils s are connected to the terminals k by a 
plug contact, and the thermometer (hot-wire instrument) h is also 
included in the oscillation circuit. This latter connection, however, 
is inductive (not direct), a primary winding i in the condenser circuit 
inducing the secondary windii^s ^l, the ends of which are connected 
to the hot wire w. 

The inductive excitation of the thermometer is for the purpose 
of enabling the extent of the indications to be regulated by altering 
the distance between the primary and secondary windings. The 
instrument is fitted with three different self-induction coils, which 
are interchangeable and of such dimensions that the resulting 
three limits of measurement follow each other in close order, so 
that all wave lengths between about 100 and 1000 metres can 
be measured. 

To the knob g is connected the pointer z^ which moves over the 
scale t This scale is inscribed, in three rows, with the wave lengths 
corresponding to tlie three coils and the momentary adjustment of 
the condenser. 

To use the instrument, say for measuring the frequency of the 
'primary coTideiiser circuU of the sender, it is operated in the manner 
illustrated in fig. 30. The coil L^ of the exciting condenser circuit 
is placed above the coil Lg of the ondameter W, so that the latter is 
traversed by lines of magnetic force from the former. By gradually 
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altering the capacity Gv, the flow becomes progressively stronger, as 
is shown by the rise in the thermometer T ; and finally the adjust- 
ment of the condenser reaches the stage at which the intensity of the 
current attains a maximum, whereupon any further adjustment of the 
condenser results in a fall in the thermometer. At this maximum (ie. 
the attainment of resonance), the effective wave length is denoted by 
the position of the pointer on the scale. 

A point to be kept in mind in these measurements is that the 
distance a between the planes Lj and Lg must be sufficient to pre- 
clude any reaction of the resonator circuit on the exciting oscillation 
circuit by the induced current. In other words, the coupling must 
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Fig. 30. — Measuring the frequency of the Primaiy Condenser Circuit, 
with the aid of the Ondameter. 



not be too close, otherwise — as we have seen in the theoretical section 
— a deformation of the oscillation will occur. The optimum degree 
of coupling is about a = S cm. If the distance be increased, i,e. the 
coupling made looser, the position of resonance of course remains the 
same, but the indications of the thermometer will be naturally of 
smaller amplitude, so that the adjustment for resonance cannot be 
made with the same sharpness. If there are several oscillations 
present (as we have seen to be the case with close-coupled systems), 
the different amplitudes of the thermometer indications enable a 
conclusion to be formed of the various amplitudes of the effective 
waves. 

Moreover, the flow may develop in very different ways. Sometimes 
the level of the liquid in the thermometer will remain almost 
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stationary for a considerable- time, until it shoots up quickly, 
the state of resonance being reached; and it will fall with equal 
rapidity when that condition is exceeded. At other times the ther- 
mometer indications rise slowly until the maximum is attained, 
and then sink gradually. 

Hence the sharpness of the resonance can be determined 
in the case of different oscillations, and conclusions drawn as 
to their diflferent dampings (p.- 30). 

The measurement of the indi- 
vidual oscillation of the (ypen 
secondary system is performed 
with the ondameter in the man- 
ner illustrated in fig. 31. By 
introducing a spark-gap, F, the 
secondary system is excited as a 
Hertz oscillator, and induces the 
coil of the ondameter W by a 
loop S. The ondameter is then 
set for resonance in the manner 
just described. 

Before this latter measure- 
ment is performed, the aerial 
wire must be brought into the 
position in which it will actually 
be used ; for the capacity of the 
wire depends on its relative 
position to the earth and other 
adjacent objects, so that a change 
in position will also cause an 
alteration of the specific periods. 
Finally, the ondameter also 
enables the effective oscillations 
in the complete coupled sender to 
Fig. 31.— Measunng the individual Oscilla- be determined (namely, a single 

tion of the Secondary System with the .,, . . , i i. 

Ondameter. OSClliatlOU With looSC coupling, 

and two oscillations with close 
coupling), inasmuch as an inductive action is exerted on the 
ondameter by means of a loop in the aerial wire (which in this 
case is no longer fitted with a spark-gap). 

A simpler ondameter, though insufficient for accurate determina- 
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tions, is the measuring rod (fig. 32) of Professor Slaby. Here again 
the principle of resonance is applied, barium-platinum cyanide being 




Fig. 32.— Slaby's Measuring Rod. 

employed as the indicator. On approaching the free end to a point 
of high potential variation in the system under examination, the 
cyanide is excited. 



CHAl^ER IX. 

MANAGEMENT OP A STATION. 

The construction of a station for wireless telegraphy proceeds 
by the following chief stages. In the first place, the aerial wire 
or aerial wire system is set up in an approximately vertical 
position, by mounting it, in a properly insulated manner, on 
high masts, or, in the case of movable stations, attaching it to 
kites or balloons. Then the necessary dimensions of the " counter- 
capacity" are determined either by calculation or experiment. In 
the latter event a symmetry wire, exactly equivalent to the aerial 
wire, is stretched out as a counterpoise, the effect of flow being 
next determined in the aerial wire by means of a Riess ther- 
mometer, mounted in the vicinity of the belly of the current. 
The symmetry wire is afterwards replaced by successively increased 
metal surfaces, until approximately the same current effect is 
produced. 

The next step is the determination of the specific period of the 
secondary system, and of the primary condenser circuit, separately, 
by the aid of the ondameter and the most accurate mutual adjust- 
ment possible. 

A decision has now to be made in favour of either loose or 
relatively close coupling, according as it is possible or necessary to 
obtain sharp tuning (at the expense of intensity, i.e. range) or an 
extensive range, i,e, intensity (at the cost of tuning properties at the 
receiver). 

In order to fully utilise the specific advantages of the different 
couplings the construction of the aerial wire system must be modified 
in accordance with the class of coupling employed. For loose 
coupling, types allowing of gradual radiation must be chosen, i.e, 
aerial conductors with maximum conductivity and high self-induc- 
tion, which is partly distributed uniformly in the aerial conductor 
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and partly concentrated in coils in the vicinity of the current 
maximum. 

For close coupling, on the other hand, highly radiating aerial 
wires of low self-induction are to be used, that is to say, they should 
be set up in the shape of a cone or harp, with a number of separate 
wires mounted in parallel. 

The aerial wire of the sender is also used in connection with the 
receiver, by the aid of a switch. The optimum of the degree of 
coupling, and also the adjustment of the receiver to the effective 
wave length, can be determined with great accuracy by calculation 
or experiment. This point will be discussed later. 

For the sake of completeness it should be mentioned here that, 
according to Drude, very close coupling (t^>0'6) in the sender — which 
however, is generally impossible — is attended with a more strongly 
damped upper free oscillation and a more slightly damped lower 
one. If this be employed with a loose-coupled receiver, the frequency 
of the latter must be smaller, in the proportion 1 : J2, than that 
of the two syntonised sender oscillation systems taken separately. 
With this very close coupling the damping of the lower free oscilla- 
tion possesses only half the value it has with ordinary cases of close 
coupling, i,e, is only equal to half the arithmetical mean of the 
dampings of the two individual systems of the sender. 

According to Wien, the same reduction in damping can also be' 
attained at the boundary of the aforesaid two great classes, i.e. 
when the coupling is exactly equal to the difference in the damping 
of the component systems. In such event, ceteris paHbtoSy the period 
of oscillation of the component system must be adjusted to that of the 
lower free oscillation, by doubling it. To attain this object, the self- 
induction of the secondary system must be doubled, thereby reducing 
the damping to one-half. The further necessary doubling of the capa- 
city in the primary circuit results also in the doubling of the energy 
of oscillation. Since there is only a single effective oscillation present, 
there are consequently no disturbing undulations, as happens with close 
coupling ; and this circumstance is naturally an additional advantage. 
Such an arrangement, however, merely represents a compromise ; and 
the only possible way to secure accurate syntony is, as we have 
already seen, to employ loose coupling in both sender and receiver. 

The arrangement of a complete installation will be more clearly 
seen by a reference to the sketch, fig. 33. This shows the instal- 
lations at the Baltic stations, and is more easily examined than a 
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sketch of up-to-cUte installations, which are in a state of greater 
technical perfection, giving rise to more complicated details. 




nil 




t)0 



1^ 






On the left of the figure is the sender, and on the right the receiver. 
In the middle, between them, is the switch, U, by means of which 
the attachments (aerial wire, counter-capacity) can be connected with 
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Fig. 34.— a Baltic Station. 
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the sender and receiver in turn. The lever of this switch consists of 
three horizontal metal bars, fastened together by the insulated verti- 
cal traverse, fitted with a handle. 

When the switch is turned to the left, the aerial wire above and 
the counter-capacity below are connected with the secondary coil of 
the sender. At the same time the middle bar closes the circuit from 
the battery or electric power station. This circuit contains the primary 
coil of the inductor J, the interrupter W (Wehnelt, turbine or hammer 
commutator), and the signalling Morse key T, in parallel arrangement 
is the so-called magnetic blow-out, i,e. a transverse magnetic field for 
the purpose of dispersing the sparks at the breaking contact. 

With the secondary terminals of the inductor is connected the 
primary oscillation circuit with spark-gap. 

To receive messages, the switch is turned over to the right, ie. 
to the position shown in the drawing. In this position the outer 
bars connect the attachments with the primary oscillation circuit of 
the receiver, whilst the middle bar closes the circuit of the local 
battery, B, which also includes the Morse register M and tapper KI. 

The primary receiver circuit contains the two relatively large 
adjustable air condensers C^Cg, of which the former may be short- 
circuited by a plug contact whenever necessary, so as to adjust at 
once the primary circuit to a different wave length. This possibility 
of easy adjustment is of special use, when several waves are simul- 
taneously effective. In the secondary circuit is a small adjustable 
air condenser, Cr. On the other hand, the terminals of the secondary 
coil are connected to the coherer by means of a small mica condenser 
P, which does not obstruct the oscillations, but must be attached to 
prevent short-circuiting of the relay current of the two parallel 
coupled dry cells E. To protect the relay, its circuit is opened 
by means of the plug contact S, when signals are sent off. To pre- 
vent any unfavourable influences on the coherer there were provided 
a small condenser, G, parallel to the battery, a 1000-ohms resistance 
coil parallel to the relay contact, and one of 500 ohms parallel to the 
tapper contact ; otherwise at each of these latter points, sparks, 
exciting the coherer, would be formed in consequence of the breaking 
current. The resistance coil Wi was for the purpose of dividing the 
current for- the Morse register and tapper according to requirements, 
and thereby regulate the force of the blow struck by the latter. 

A photographic view of the outside of one of the Baltic stations 
is shown in fig. 34. 



CHAPTEE X. 

MODERN APPARATUS AND METHODS OP 
MOUNTING. 

An important factor in the sender is the provision of a suitable 
source of electricity for charging the condenser circuit. 

For short ranges, ordinary inductors with a vibrating inter- 
rupter would be sufficient, a type of which is illustrated in fig. 35, 
supplying primary energy up to 350 watts, at a maximum of 110 
volts. These are provided with a condenser of suitable dimensions 
for preventing interruption sparks. 

Where greater power is required, the so-called resonance 
inductors (fig. 36) are now exclusively used, this type being the 
outcome of our experience with the spark-gap, because of its 
irregularities. The spark-gap enables the condenser circuit to be 
charged up to a certain potential, i.e, it stores up the energy of the 
circuit until a certain discharge potential is reached. At this point 
we have a sudden fall in potential, whereby the oscillations are set 
up, and when they have ceased the spark-gap must at once become 
again non-conducting, in order that the cycle may recommence. The 
pauses between the single discharge complexes are enormously great 
in comparison with the duration of the latter themselves ; but this is 
necessarily the case, since otherwise there would be the possibility 
of the spark-gap not returning to its non-conducting state. In such 
event there would be a permanent equalisation of the charges 
through the spark-gap to a lower potential, a luminous arc would be 
formed, and the spark become " inactive." With the resonance 
inductor this phenomenon is impossible. In it the generated 
electricity flows to and fro in slow oscillations until the maximum 
amplitude corresponding to the discharge potential is reached, and 
the spark-gap is suddenly traversed. 
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The self-induction of the secondary winding of the inductor (which 
in this case is made of the thickest wire possible, in order to diminish 
the ohmic resistance), and the capacity of the Leyden jars with which 
it is joined., cause a decided slow oscillation of definite periodicity, 
about 50 per second, as now generally employed in power stations. 
When such an inductor, secondarily laden with a capacity, is con- 
nected with, a normal alternating current of 50 periods, the primary 
alternating current and the secondary induced current are in 
resonance. An important point to be kept in mind in this connection 
is the degree of coupling between the inductor and the source of 
current. With " close " coupling there would be just as many dis- 
charge complexes as primary alternations, i.e. 100 sparks for 50 
periods. Consequently, this would not correspond with the function 
already described, which is to be performed by the resonance 
inductors. This is only feasible with close coupling, both between 
the two alternating currents of the inductor and also between the 
latter and the source of current, this being an alternating current 
machine containing a certain amoimt of self-induction in its arma- 
ture. A check coil is mounted between the machine and the primary 
winding of the inductor; and the optimum degree of coupling is 
obtained by the suitable adjustment of these two self-inductions to 
the primaries of the inductor. 

Now we obtain the aforesaid phenomenon, namely, that the energy 
of several successive alternations in the work of magnetising the 
inductor is accumulated to a maximum corresponding to the spark- 
gap, whereupon a discharging spark passes. Hence there are fewer 
sparks than primary alternations in the inductor. The same primary 
energy is now distributed among fewer discharges, but these are of 
a more powerful character. 

To obtain the desired speed in telegraphing, it is of course 
impossible to go below a certain limit, about 30 sparks per second. 

With a primary energy of from 350 watts to 1'5 kilowatts, use 
may be made of either the well-known mercury turbine interruptor 
(a photograph of which is shown in fig. 37, representing a tyjDe fitted 
with Cardanic suspension for naval stations) ; or else current trans- 
formers are used. The latter are either direct transformers — single 
machines (fig. 38), or mounted in sets of two machines — a continuous 
current motor and an alternating current generator (fig. 39). 

The transformer is mounted in such a manner that automatic 
blocking occurs between the transformer and the receiving instru- 




Fig. 35.-— Inductor with Hammer Interruptor. 




Fig. 86.~Resoiiance Inductor. 
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ment, so that when the receiver is set for receiving signals, the 
transformer is switched out. Conversely, when the apparatus is set 




Fig. 37. — Mercurial Turbine Interruptor, with- Cardanic Suspension, for Naval Stations. 




Fig. 38. —Current Transformer. 



for sending signals, the motor does not begin to run until the starting 
commutator has been turned back to its first degree and then gradu- 
ally switched out. 
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The Morse keys are either equipped with electromagnetic spark 
extinguishers, as in fig. 40, or else are constructed as automatic 
minimum current cut-outs (fig. 41). 




Fig. 39. —Current Transformer. 



In large stations worked with current intensities of more 
than 40 amperes, several platinum contacts are connected in 
parallel. 

The only spark-gaps now employed by the " Telefunken " Wire- 





FiG. 40. — Morse Key, with Magnetic 
Blow-out. 



Fig. 41. — ^Morse Key, with Automatic Minimum 
Current Cut-out. 



less Telegraphy Co. are of the '' multiplex *' type, with' potential 
dividers (see p. 44). Fig. 42 illustrates one of these dischargers, 
as employed for portable stations in the German military 
airship corps. 
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In fixed stations, the dischargers (fig. 43) are covered with felt, 
for sound-deadening purposes; but ventilation takes place at each 
discharge. 




Fig. 42.— Discliarger (Multiplex Spark-gap). 




Fig. 43, — Multiplex Discharger for Fixed Stations. 



The excitation circuits for coupled senders consist of (a) one 
" multiplex " discharger — usually with three spark-gaps ; (/5) a Leyden 
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jar battery, and (y) a self-induction coil generally variable. Fig. 44 
shows a normal form of construction for use on shipboard. In 
this instrument the wave can be varied from 120 metres up 
to 1000 metres in length. Fig. 45 illustrates an excitation 
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Fig. 44, — Excitation Circuit in Coupled Senders (type for use on board ship). 



circuit for the portable stations mentioned above; and in this 
apparatus two different waves may be excited, by changing the 
plugs at Pi, Pg. The mounting is "direct," as represented in the 
diagram, fig. 46. 

For various practical reasons, no provision is made in these 
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portable stations — in which single aerial conductors, 200 metres in 
length, are suspended from balloons or kites — for constantly varying 
the waves, but only for producing two definite waves, one of which 
corresponds to the normal oscillation, the other to the first upper 
octave. 

The employment of an " electrical counterpoise " (instead of earth- 
ing), the theoretical importance of which has been already explained, 
and which consists of wire gauze, is specially advantageous in this 




Fio. 45. — Excitation Circuit (for portable stations). 



case. It obviates the difficulties encountered in these movable 
stations when seeking for " suitable earth," and also prevents, within 
the limits of possibility, the atmospheric disturbances so detrimental 
to the receiver, and otherwise rendered inevitable by the great height 
of the aerial wire. The excitation circuit consists of the constant 
capacity C, to which the high potential is supplied, the " multiplex " 
spark-gap F, and an induction coil L. Only part of this latter is 
pLaced in the circuit for exciting the short wave, by inserting a plug 
at Pi, whilst for exciting the long wave all the windings are placed 
in the circuit by plugging at Pg. On the one hand, the excitation 
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circuit is connected to the aerial wire, and on the other to the coils 
S^Sg, the self-induction of which, in conjunction with the capacity 
of the wire gauze, effects the counterpoise of the aerial wire. Sj is 
employed in the case of the normal vibration, and Sg with its octave. 
When exciting the long wave, the "coupling" to the excitation 
circuit amounts to 15 per cent., but to only 10 per cent, when 
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Fig. 46. — Method of Mounting the Sender in Portable Stations. 



the short wave is being excited. The dimensions of the coils 
Sj and Sg correspond to those of the wire gauze and the waves 
emitted. 

Of the next three photographs, fig. 47 shows the construction of 
a Leyden jar system, with (fig. 48) the appurtenant induction circuit 
and (fig. 49) a specially constructed " annular multiplex spark-gap,'* 
with annular electrodes. These apparatus are employed by the 
Telefunken Company in its 1000-kilometre stations. 
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Finally, we may mention the newest and most interesting type 
(fig. 50) of current generator, as used in the lightly constructed 
portable stations of the Telefunken Company, with a range of 25 kilo- 
metres on land. A small continuous-current dynamo, with a capacity 
of about 100 watts, is mounted on a bicycle frame. Motion is trans- 
mitted from the fly-wheel to the dynamo by a cord and aluminium 




Fig. 48. — Primary Induction Circuit. 

pulley of suitable design. The gearing is of such proportions that 
with normal pedalling a spark 4 mm. long is obtained in the inductor. 
In these light portable stations, the mast for carrying the aerial 
conductor is made of telescopic steel tube. The complete station, 
with sender and cycle frame dynamo, weighs only about 4 cwts., and 
can be easily carried by two to three} horses or eleven men. 
^ • As already mentioned, one and the same aerial wire or wire system 
is generally employed to serve both sender and receiver. When 
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signals are being sent, the receiving apparatus is separated from the 
aerial conductor by a main switch, while conversely the sender is dis- 
connected when the instrument is set for receiving. In modern instal- 
lations these operations are performed with a single handle ; and to 
enable these to be done, a " spark-gap " switch is arranged in the aerial 
conductor. In " sending," sparks traverse this gap and connect the 




Fig. 49. — " Annular Multiplex Spark-gap." 

aerial conductor with the sender ; but in *' receiving," no sparks pass, 
and the sender is automatically disconnected from the aerial conductor. 



COHERER AND OTHER DETECTORS FOR ELECTRIC WAVES. 

In connection with the receiver, we will now consider its main com- 
ponent, the coherer, taking the so-called steel coherer (fig. 51) first. 
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Fig. 50.— Current Generator for Light Portable Stations. 




Fig. 61.— Coherer. 
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This consists of two steel electrodes, adjustably mounted by means 
of a screw and held in a tube of hard rubber. Tn the very small 
space between the highly polished inner surfaces of the electrodes 
are placed about thirty to forty steel granules. The smaller the 
number of granules, the greater the sensitiveness of the coherer ; so 
that by increasing or diminishing their number, and by adjusting the 
electrodes, any desired degree of sensitiveness can be obtained. A 
further refinement in this connection consists in mounting the one 




Fig. 52.— Coherer. 

electrode of the coherer between the poles of a small open annular 
magnet, which can be adjusted by gearing, so that the coherer may be 
magnetised to either polarity or entirely demagnetised, thereby modify- 
ing the coherence of the granules and the sensitiveness of the coherer. 
In another form of coherer (fig. 52), there are two silver electrodes 
in a glass vacuum tube, the terminal surfaces being ground so as to 
leave a small wedge-shaped intermediate space for the reception of a 
mixture of silver and nickel granules. The instrument can be turned 
so as to bring the granules into a larger or smaller space, thus 
regulating the sensitiveness. 
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A large number of appliances have been devised for replacing the 
coherer, which occasionally exhibits very tricky antics ; and a few of 
the most recent of these " detectors " will now be briefly described. 

The first claim to our notice is undoubtedly possessed by the 
Schloemilch detector, the external appearance of which is shown 
in fig. 53. 

The inventor of this detector connects an ordinary polarisation 
cell, with platinum electrodes immersed in dilute acid, to a source of 
current having an E.M.F. slightly exceeding that of the cell. Con- 
sequently a current passes, and the electrolyte is decomposed with 
slight liberation of gas. If now the cell is exposed to electric waves, 
an immediate strengthening of the 
current is evidenced by a more violent 
disengagement of gas. Schloemilch 
found that the action is greatly 
strengthened when the surface of the 
positive electrode is extremely small, 
whilst that of the negative electrode 
may be of any suitable size. At pres- 
ent the positive electrodes have a 
diameter of only 0001 mm. and a 
length of 0*01 mm. On reversing the 
electrodes the aforesaid phenomenon 
disappears almost completely, a proof 
that the gas liberated at the smaller 
electrode plays an important part. 

The strength of the current, and consequently the liberation of 
gas on which the sensitiveness of the cell depends, pan be regulated 
by a resistance. The more intense the electric irradiation, the more 
powerful the reaction of the cell. The nature of the phenomenon has 
not yet been accurately determined, but it seems to be a species of 
depolarisation. The cell can now be connected in the usual manner 
with a relay, in order to actuate the working circuit with a Morse 
register. No tapper is used, the cell always automatically resuming 
its normal condition after the action is over. 

Moreover, the cell can also be connected with a telephone, which 
renders audible the fluctuations produced in the current by the 
effective electric waves. In this latter connection the Schloemilch 
detector is of inestimable service, the more so in that it is insensitive 
to vibration. The illustration (fig. 54) shows the simplest method of 

6 




Fig. 53. — Schloemilch Detector. 
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mounting, the cell lying direct in the aerial wire. The connecting in 
parallel of a very large condenser C is to minimise the damping 
influence of the cell, notwithstanding the high ohmic resistance, since 
this condenser afifords an undamped bye-pass for the oscillations. At 




Fio. 54. — Method of Mounting the Schloeniilch Detector. 



the same time, of the total energy oscillating in the receiving wire, 
only a small amount per oscillation, corresponding to the low 
potential generated at the high capacity condenser, is absorbed by 
the cell. Far more accurate syntony is, however, obtained by induc- 
tive mounting. This can be arranged by simply turning a switch 
lever, so that the cell is included in an inductively excited, closed 
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secondary oscillation system. A condenser mounted in parallel with 
the cell diminishes its damping influence on the secondary system. 

Figs. 55 and 56 show the latest types of the apparatus, which is 
actually the simplest and most reliable receiver for wireless telegraphy. 
For this reason a more detailed description of the mounting and 
working of this electrolytic detector should be of interest. 

Fig. 57 shows the course of the high-frequency oscillations. 
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Fig. 55. — Receiver with Schloetoilch Detector and Morse Register. 



After connection of the aerial wire and the laying in of the 
main switch through the spring contact 1, 2, the high-frequency 
currents reach a condenser (3, 4) of a larger capacity, which serves 
for barring the battery circuit of many receiving apparatus switched 
parallel and interchangeable, as also for preventing short-circuiting 
of the cells by the discharging coil (20, 19), which will be explained 
later on. The oscillations then pass the syntonising coil 5, 6, and 
the variable condenser 7, 8. The first serves to lengthen the aerial 
wire when necessary, whilst, on the other hand, the variable condenser 
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serves to shorten the specific oscillation of the aerial wire. The 
terminals 7, 8 are usually connected by a short circuit piece. 
From point 9 the leads for the high-frequency oscillations branch 
out. They pass, on the one hand, through the switch 10, 11, across 
the detector 12, 13, through the switch 14, 15, and on through 
the earth-switch 16, 17, to the earth-terminal 18, and from there 




Fig. 56. —Receiver with Schloeniilch Detector and Telephone. 



to the earth. On the other hand, a branch leads over to the plug- 
contact 21 towards the variable condenser 22 to point 23, and from 
thence through the switch-terminal 15 back to the other pole of 
the detector. With the plug-contact 9, 21, the variable parallel 
condenser 22, 23, which serves for syntonising, can be completely 
switched off in case of need. 

To let atmospheric charges flow direct to the earth, a choking- 
coil 20, 19, is applied at the point where the conductor is joined up 
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with the apparatus, and this coil is connected with the earth by 
the switch 16, 17, and the terminal 18. 
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Fig. 57a. — Course of the High-frequency Oscillations. 
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Fio. 57b. — Showing the Battery Circuit. 
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The battery consists of three dry cells, connected in parallel, 
which are permanently closed by the slide-resistance 27, 36, and 
two cells connected in series, which are placed in a row with this 
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combination. The tension of the first set can be varied, through 
the resistance within the limits of to 1-5 volt, and one of these 
values can be added to those of the series of cells at will. 

Starting from the parallel cells 29, 30, the current passes 
through the switch 31, 32, to the negative test- terminal 33. The 
switch 31, 32, is intended for interrupting the permanent circuit 
when the apparatus is not being used in order to prevent unnecessary 
exhaustion of the cells (for instance, in transport, during which time 
the switch lever must be closed by way of precaution). After the 
current has passed the switch 34, 35, it arrives through the slide- 
resistance 36, 27, at the positive test-terminal 28, and then passes 
back to the end terminal 29. 

The real principal circuit, in which the telephone and the 
detector are situated, must next be considered. 

Starting from the latter, the current passes from its terminal 
12, through the brown leads to the switch 11, 10, then through the 
black wire to the telephone 24, 25. The connection contacts of the 
latter are so arranged that either one or two telephones may be 
used, the connection in the latter case being either parallel or 
in series. 

The contact 25 is further connected with the regulating-slide 26, 
which forms a part of the regulating resistance, and the current 
reaches the positive pole of the cells connected in parallel through 
the point 27, the test-terminal 28, and the terminal 29. It then 
passes through both cells in series to the point 37, through 23, 
the switch 15, 14, and so back to the negative terminal of the 
detector 13. 

The working of the apparatus is simple in the extreme. The 
accessible terminal 31, 32, of the battery current is first closed after 
removing the cover, and the detector is then fixed in such a way 
that the pole signs marked on the latter coincide with those of the 
contact pieces on the apparatus. 

For the telephone, four symmetrically arranged plug^witches 
are provided, which are laid between the detector and the strong 
current plug-connection, of which the two placed nearest the 
observer are directly connected with the leads, whilst the other 
two can be switched to these either parallel or in series. The 
parallel and series mounting can be performed in a simple way by 
means of the spring-contact, which is quite visible on the under- 
side of the cover. The object of the spring-contact is to enable the 



MODERN APPARATUS AND METHODS OF MOUNTING 87 

telephones to be connected up in such a way (with regard to their 
several ohmic resistances, as also to the current fluctuations which 
become weaker in long-range telegraphy) that the maximum strength 
of sound is obtained from them. 

To enable* the detector to be adjusted to its maximum sensitive- 
ness, the telephone is held to the ear and the position of the 
regulating slide is altered, till the faint rushing noise, produced by 
the over-displacement of the regulating slide, disappears abruptly. 
The correct adjustment of the slide with new apparatus will be 
found close to the limit of the lowest voltage range, as in calculating 
the dimensions of the apparatus allowance is made for variations in 
the voltage of the cells, the occurrence of which will necessitate 
adjusting the slide. 

After the adjustment has been effected the working of the 
detector is tested by touching the metallic casing of a coherer-tester 
with a detector-terminal and by listening in the telephone for the 
emission of sounds. 

Syntonising in receiving', — This is quickly done, as no further 
material (coils and so forth) is necessary, and the whole of the 
syntonising material (with the exception, perhaps, of an earth con- 
denser) is attached to the apparatus, simply by joining the plug- 
connection of the hard-rubber-lever to the aerial wire and the earth- 
terminal E with the earth. 

To enable the apparatus, which is in connection with the 
aerial conductor, to be attuned to the wave-length of the counter 
station, a previously determined sign of the Morse alphabet is 
repeatedly sent from the latter with mean intensity, and the 
slide of the syntonising coil is shifted till a maximum strength of 
sound in the telephone has been obtained. With simple aerial 
wires of mean capacity it is advisable to adjust the parallel 
condenser beforehand to a capacity which corresponds to about 
40° on the scale. If the self-induction of the syntonising-coil and 
the parallel condenser be now more or less modified, the most 
advantageous combination will be found in a short time. When 
the apparatus has been tuned in this way, the adjustment of the 
voltage-regulating slide is again altered slightly, as the detector 
voltage can only be adjusted accurately when syntonisation is 
being effected. 

Another very useful detector, though only applicable in conjunc- 
tion with a telephone, is that newly introduced by Marconi. In this 
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Fig. 58.- 



M 

-Marconi Detector. 



instrument the known phenomenon of magnetic hysteresis is 
utilised, the arrangement being that shown in fig. 58. 

An endless cord S of thin soft iron wires is led in front of the 
poles of a minuet M, and there traverses a coil of insulated copper 
wire, connected on the one hand with the aerial wire L and on the 
other with the earth (E). ' On this coil is wound an insulated secondary 
coil, in which the telephone, T, is included. Normally the iron is 

prevented by hysteresis from immediately 
following the rapidly alternating magnet- 
isation ; but when the primary coil is 
traversed by electrical waves the residual 
magnetism is suddenly dispersed for the 
moment. Hereupon the current impulse 
induced in the secondary coil excites the 
telephone and renders the wireless Morse 
s^nal audible. This complex device, pro- 
vided as it is with moving parts, gives 
only the same effect as the simple 
Schloemilch cell. 

An extremely sensitive wave recorder 
is Eutherford's magnetic indicator. Part 
of the wire composing the resonator is coiled round a magnetised 
steel needle. The electric oscillations influence the magnetisation of 
the needle and thereby cause the deflection of a second magnetic 
needle suspended close by, and whose movements can be observed 
with the aid of a mirror and telescope (as in a galvanometer). 

It has been mentioned already that this indicator is preferably 
used in loose-coupled systems, in which the integral effect is the 
main point. 

An interesting new type of indicator is the Lodge-Muirhead 
coherer, which is described as follows in the catalogue of the Lodge- 
Muirhead Wireless and General Telegraphy Syndicate, Limited. 

"The illustration (fig. 59*) shows the form of coherer, which 
requires no tapper, but is kept perpetually sensitive by the rotation 
of a small steel disc just separated from a column of mercury by a 
film of mineral oil. The impulse of electric oscillations breaks down 
the oil film and establishes momentary cohesion between the steel 
disc and the mercury. No effective contact occurs between the 
wheel and the mercury, notwithstanding the immersion, because 
* Block kindly lent by The Ehctrieian, 
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of the film of oil; but the slightest difference of potential applied 
to the two, even less than one volt, is sufficient to break the film 
down and complete a circuit, which, however, the rotation of the 
wheel instantaneously breaks again. The spark is so sudden that for 
its purposes the wheel is for the instant vii'tually stationary, and 
yet the decohesion is so rapid that signals can be received in very 
quick succession. 

"The definiteness of the surfaces and of the intervening layer 
makes the instrument re- 
markably trustworthy, and 
the thinness of the insulating 
film makes it very sensitive. 
In fact, a single cell of a 
battery cannot be employed 
as a detector, because it is of 
too high a voltage for the film 
to stand. A fraction of a volt 
is employed by means of a, 
potentiometer device — usually 
from 0*3 to 0*5 of a volt — 
and it is adjusted to suit 
circumstances. 

" The battery acts through 
the coherer direct on a low- 
resistance recorder, without 
any relay, and the record on 
the strip shows every character 
of the arriving pulses, and 
exhibits any defect in the 
signalling. Provided that every joint and contact, except the one 
intended to be filmed, is thoroughly good, the coherer is so definite 
that defects may in general be sought for at the sending end. The 
signals are picked up and recorded precisely as they are emitted, as 
has been tested by intercalating a siphon recorder in a much diluted 
tapping circuit at the sending end, so as to get a record with which 
to make comparison. The traces obtained at the two ends are 
identical to a surprising degree. 

" The mercury level has an adjustment which is easily made. One 
precaution is to keep the rim of the wheel clear of dust, which is 
done by a cork or leather pad pressed lightly against it by a spring. 




Fig. 59.— Lodge- Muirhead Coherer. 
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" The instrument is not at all sensitive to tremor, and requires 
no particular delicacy of adjustment. The wheel has to be positive, 
the mercury negative. 

" A telephone in circuit, through a transformer or otherwise, affords 
an easy method of discriminating the signals by ear. The speed 
of the wheel gives another convenient adjustment to suit various 
circumstances." 

In fig. 60 we have a specimen of script kindly furnished by 
Professor A. Tobler of Zurich. 

"If the rapidity of the sparks at the transmitting station is 
insuflBciently great, the signal becomes a broken or wavy line, and 
not a steady deflection ; but if the rapidity be increased this waviness 
disappears and the recorder needle is simply held over, giving a 
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Fjg. 60. — Specimen of Script with a Lodge-Muirhead Colierer. 
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steady long deflection to represent a dash, and a momentary one to 
represent a dot." 

Mention may also be made of the Neugeschwender or Schafer 
plate, as the prototype of an "anti-coherer," i.e. a wave indicator 
in which the transitory resistance is increased instead of being 
diminished as it is in the coherer. 

A glass plate is coated with a deposit of silver, which has been 
scored with a diamond graver, the plate being afterwards varnished. 

The resulting gap is, however, imperfect, being bridged over 
by extremely fine metallic threads. These bridges are probably 
temporarily destroyed by the heat of minute sparks, the resistanoe 
being thereby increased. As soon as the action stops, the metallic 
vapours are re-condensed and the original value of the resistance 
is restored. 

Finally, we will just refer to the Fessenden detector, in which the 
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heating effect of the electrical waves induces fluctuations of resistance 
in bolometer wires. 

The foregoing description of detectors makes no claim to complete- 
ness, and is merely intended to throw light upon the best known 
principles of detecting electrical waves. 

RECEIVING APPARATUS. 

A complete receiving apparatus, with steel coherer but without 
oscillation circuit, is illustrated in fig. 61. 




Fig. 61.— Receiving Apparatus. 

The relay is mounted on the left side of the hinged cover of a 
. wooden box, the coherer, tapper, and magnetic regulator being mounted 
on the right side. An ordinary Morse register is visible in front. 

The box contains the cells and the supplementary coils and mica 
condensers aforesaid. 

A modern type, with silver-nickel coherer, is shown in fig. 62. 

Fig. 63 represents a very light and compact pattern, specially 
designed for portable stations. 
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Fig. 62.— Receiving Apparatus. 




Fig. 63. — Light Receiviug Apparatus for Portable Stations. 
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The polarised relays always used are specially guarded against 
the mechanical vibrations of the tapper. For ships* use, the whole 
receiving apparatus — including Morse register — is fitted with easy 
springs to absorb any vibration from the engines. Such an arrange- 
ment is shown in fig. 64. 

The tapper is made for a high frequency, and is of the smallest 
possible dimensions. 

A main switch on the receiving apparatus serves to change 




Fig. 64.— Receiving Apparatus for use on board Ship. 

from receiver to transmitter, cutting out all local circuits at the 
receiving station, or blocking the primary current in the transmitter. 
As mentioned, sparking at the relay or the tapper is entirely 
avoided by using various ohmic resistances or polarisation batteries. 



RECEIVING OSCILLATION CIRCUITS. 

For oscillation circuits or receiving transformers various types 
have been devised, according as close or loose coupling is resorted to in 
the receiver. With close coupling, the transformers (fig. 65) consist 
of a single coil, so arranged that any number of the windings may be 
brought into use by means of adjusting slides. 
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The mounting adopted with close coupling — in which, as already 
stated, accurate syntonising is impossible — is represented in fig. 66. 
In this, F is the granular coherer, K a constant condenser, the 
capacity of which is very great in proportion to that of the coherer — 




Fig. 66. — ReceivingiTransformer^for Close Coupling. 



which the Baltic station experiments first demonstrated to be very 
small — and can therefore be disregarded with reference to the 
frequency of the system. J is an induction coil with three variable 
contacts, a, h, and c. The tuning of the coherer circuit is effected 
by changing the position of the slide h. By means of the slide c 
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the other windings are short-circuited and prevented from oscillating 
with the rest. The conductor he is earthed by means of a variable 
condenser C, and the aerial wire connected to the slide a. The aerial 
wire can be tuned, both by changing the number of windings 
between a and 6, and by means of the condenser C. Consequently 
the larger the number of windings ah tor a given wave-length, and 
the correspondingly smaller the condenser C, the closer will be the 
coupling and the more imperfect the tuning. 




Fig. 66. — The Mounting in the Ri-ceiver for Close Couplin*'. 



The mounting of the loose-coupled oscillation circuits in the 
receiver — which system is the only applicable one for securing 
accurate tuning — has been already described on p. 22. The con- 
struction is illustrated in fig. 67. Any desired degree of loose 
coupling can be obtained by adjusting the outer primary coil. The 
secondary coil is inside, and is surmounted by the variable air 
condenser of the secondary circuit. The number of effective wind- 
ings, and therefore the self-induction of the secondary coil, can be 
varied by means of a slide. 

The mounting adopted at the Baltic stations for obtaining 
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Fig. 67. — Receiving Oscillation Circuits with Loose Coupling. 
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Fig. 68. — Mounting for Multiplex Telegraphy as used at the Baltic Stations. 
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absolutely reliable multiplex wireless tele§raphy, is made clear by fig. 
68. The oscillation circuits were excited by the same aerial wire. 
The attachments were coupled direct, but relatively loosely, with 
the primary circuits, and the latter excited the secondary circuits, 
the coupling between the two being very loose. The difference 
between the two effective wave lengths amounted to only about 
10 per cent, in the case of a highly unfavourable distance ratio 
of 10 : 100 miles. 

This method of mounting is unqestionably not the best. Theoreti- 
cally, the use of only one aerial wire entails joining of same with 
the various oscillation circuits by different degrees of coupling, in 
which case losses of energy are inevitable. The best plan — though 
unfortunately not the simplest in practice — is of course the use of 
several distinct antennae for the different oscillation circuits. 

Fig. 69 represents the interior of a fully equipped wireless 
telegraphy station. To the right are the sending apparatus, whilst 
the receivers are mounted at the left of the long table. From the 
descriptions already given the reader should feel himself quite at 
home in this up-to-date telegraph station. 



CHAPTER XI. 

OONOLUSION. 

By strenuous labour in both the scientific and the technical branches, 
wireless telegraphy has been raised within a single decade, from 
the smallest beginnings to an indispensable means of communica- 
tion. This will constitute a lasting memorial of our progressive 
age, a visible sign of the intelligence and high endeavour, love of 
work, and capacity of appreciating the deeds of our leading spirits. 
It also shows how unremitting labour for securing ideal benefits to 
mankind is not only an ennobling moral influence, but also may lead 
to practical results outstripping the wildest dreams of imagination. 
Who would have thought it possible to waft messages across the ocean 
without any visible means of transmission ! Of course progress has 
been accompanied by a clamour for more, the requirements advanced 
showing how far we are still from the ideal goal, which appeared so 
near when the real principles involved were first clearly recognised. 

We have seen that at present the work has to be carried on with 
oscillatory discharge complexes, which even in the most favourable 
conditions (perfectly loose coupling) produce only relatively slightly 
damped wave series. The pauses between the sets of discharges 
are infinitely long in proportion to the time they themselves occupy, 
the situation being comparable to that of a sea, perfectly quiet all 
day long except for a single minute's disturbance by waves. In 
reality, we excite merely a series of short electrical tone impulses 
which, on account of the wide interval between them, cannot even 
be regarded as a chain of impulses. 

What a difference there would be in the practical utility of 
electric oscillations were we able to generate and maintain, at will, 
persistent electric tones of sufficient frequency ! Our most modern 
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alternating generators are cumbrous devices for producing very slow 
oscillations (about fifty per second), whereas, for wireless tel^raphy, 
a mean frequency of about a million per second is required. Here 
is a worthy and profitable subject for inventive skill, and one whose 
solution might lead to perfectly incalculable results. 

As was quite natural, the value of wave telegraphy was at first 
appreciated only in comparison with the range of distance covered ; 
and though this progressively increased, it was not until the intro- 
duction of the Braun coupled systems that any imposing dimensions 
were attained. We have seen that the energy can be brought to 
exert itself instantly by the use of close coupling, so that vibrations 
of an explosive character are produced, but that while these can 
penetrate to great distances, they excite any receiver, whether 
syntonised or not. As we have seen, it has also become possible 
to render any amount of energy effective in the form of electrical 
waves, so that at present stations with a range of 600 miles represent' 
merely ordinary types. 

It has already been pointed out that an excess of energy has 
always to be allowed for in practical' wireless telegraphy, because 
the transmission of the energy varies greatly with the weather. 
Bright sunshine lessens the action considerably; and a still more 
unfavourable effect on the transmission of signals is produced by 
protracted spells of dry weather, during which the air becomes 
ionised. On the other hand, when the ionisation has been destroyed 
by rain, the original efficiency is at once restored. A soft, damp state 
of the atmosphere is best for the operations of wireless tel^raphy, 
though the ordinary man would be inclined to think the opposite. 
For these reasons modern stations are always arranged to develop 
three times the maximum efficiency required for their range. 

The explosive emission of energy resulting from close coupling 
must naturally be attended with great drawbacks when several 
stations are working simultaneously at short distances apart. 

Eecently, however, more delicate methods of operating have 
come into use by the introduction of loose coupling. We have seen 
how the reduction of the damping through resistance is attained at 
all points of the oscillation track, especially in the primary sender 
circuit by subdividing the spark-gap and constructing it of the most 
suitable length. In the receiver, the secondary system especially has 
been elaborated into an independent and almost undamped oscillator, 
to secure the clearest resonance with an effective sender oscillation. 
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Fig. 70. — Wireless Telegraphy at Pilot Stations. 
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Thus, with loose coupling, space is traversed by weak but elongated 
electric tones, which will only excite the identically tuned receiver 
by resonance, leaving all untuned receivers unaffected. 

On loose coupling in both sender and receiver rests the principle 
of attaining maximum freedom from disturbance and the possibility 
of selective or multiplex wireless tel^aphy. 

True, the oscillations still traverse space and can be caught by 
any syntonised receptacle, and, what is worse, to catch the messages 
we only need the extremely sensitive telephone detectors, which 
react with any impulse, though the attainment of perfect resonance 
is immediately revealed by a maximum of sound in the telephone. 

This impossibility of maintaining secrecy in the messages is an 
undoubted defect of the new system of communication in comparison 
with telegraphy through wires, in which the connection is established 
between certain mathematical points only. The drawback may be 
lessened by using a secret code which prevents the meaning of the 
wireless message being understood by others. Furthermore, the 
removal of the difficulty by the employment of a system of directed 
wireless telegraphy has been under consideration ; and Professor 
Braun recently announced at a meeting of the German Shipbuilders' 
Association at Berlin, that he had solved the problem, in principle, 
by using several differently-phased oscillations simultaneously 
(" phasenverschobene Schwingungen "). For this purpose Braun 
employed several antennae in which oscillations partly of the same 
and partly of different phases were excited. Furthermore, he showed 
an easy method of producing several oscillations of the same fre- 
quency but of a different phase. In this way it is possible to obtain 
different actions in different directions, i.e, a " directed " wireless tele- 
graphy. Nevertheless, the practical results do not seem, so far, to 
have reached the level of theoretical requirements. 

Despite these limitations, the practical utility of wireless telegraphy 
is undeniable, and increasing in importance. To -illustrate this more 
clearly, we may review its chief spheres of activity. 

The first proofs of the usefulness of wireless telegraphy were 
afforded by its application at pilot stations (fig. 70), and at present 
almost aU such stations, and fire- aad life-boat stations, are equipped 
with the apparatus (fig. 71). Many lives and much property have 
been saved by this means. The enormous superiority of electric 
waves to optical signals is nowhere more apparent than in bad 
and especially foggy weather, since the small waves of light are 
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shattered against the comparatively large globules of fog, whereas 
the latter are, as it were, carried onwards by the gigantic electric 
waves being unable to check their advance. 

The new method of communication is also increasing in useful- 
ness for the commercial purposes of the mercantile marine. The 
advantages are self-evident, since important news can be transmitted 
between ships and shore, for hours, and even days, after leaving or 




Fig. 71. — Wireless Telegraphy at Light-ship Stations. 



before entering port ; and in case of accident or sea-damage^ aid can 
be rendered promptly. Hence the number of coast stations are being 
constantly increased on every sea, and nearly all the large liners are 
now fitted with wireless telegraphic apparatus. This can be used at 
a low, fixed rate; and in some cases wireless messages of general 
importance are published on board in newspaper form. 

Special importance, and rightly so, is attached to wireless 
telegraphy in military circles. Probably no large man-of-war is 
without the necessary apparatus for wireless signalling, now that 
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technical skill has overcome the special difficulties arising from the 
presence of large masses of iron and restricted accommodation. 

Fig. 72 shows the German Imperial yacht Hohenzollern with 
wireless telegraphy installation. 

Incalculable advantage is secured by the possibility of thus 
transmitting orders from a flagship to the rest of the squadron, 
the individual members of which again are in close mutual touch 
by the same means. The centralisation of authority and increased 




Fig. 78. — Portable Wireless Telegraphy Station (waggon containing 
the source of power). 

facility for making reports and reconnoitring are also accompanied by 
a great saving in fuel and an increased sphere of operations, whilst 
the establishment of communication with the shore forts secures the 
inestimable advantage of co-operation between land and sea forces. 

A special application of wireless telegraphy to military purposes 
has been carried out in the German army. The chief problem was 
to obtain apparatus sufficiently portable to accompany marching 
troops, especially cavalry, even off the high roads. This difficult task 
was accomplished by the Telefunken Company by mounting all the 
station apparatus, including the current generators, on light army 
transport vehicles capable of going over any road or country, the 
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air conductors being elevated by means^of kites or balloons instead of 
masts. 

Fig. 73 shows the waggon conveying the source of power, 
namely, a benzine motor with condenser and all accessories, 
together with a dynamo generating a current of 120 volts at 
20 amperes = about 2*5 kilowatts. 

Fig. 74 shows the second waggon carrying the apparatus. The 




Fig. 74. — Portablfe Wireless Telegraphy Station (waggon conveying the apparatus). 



corps consists of an oflScer, a non-com. and five privates, in addition 
to the drivers ; and is shown on the march in fig. 75. 

Fig. 76 represents the unlimbering of a train and the setting up 
of apparatus for workj an operation taking only a very few minutes 
from the time of arriving on the ground. 

These portable stations have answered admirably in numerous 
manoeuvres, following the most rapid cavalry movements, and 
enabling full communication to be established between commanding 
officers over distances equal to several days* march. 

In order to direct the attention of students in high schools and 
universities to the importance of research in wireless telegraphy, the 
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Telefunken Company has constructed models illustrating the modtis 
operandi of the f ull-size»apparatus. 




Fig. 77.— Sender of Demonstration Apparatus. 




Fig. 78. — Receiver of Demonstration Apparatus. 



Figs. 77 and 78 represent sender and receiver, but without 
aerial conductor, whilst fig. 79 illustrates a complete sender with 
slow-radiating aerial fitting, the latter consisting of a vertical 
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copper wire, with terminal capacities attached top and bottom 




Fig. 79. —Complete Sender of Demonstration Apparatus for Wireless Telegraphy. 

(aerial-wire — counter-capacity). In the centre of the aerial con- 
ductor is mounted a coil for coupling purposes, and also a variable 
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self-induction (large bare wire coil) to regulate the wave length 
of the aerial conductor. 

By the use of loose coupling in sender and receiver, these models can 
be employed to demonstrate not only the transmission of wireless 
messages, but also the selective or multiplex wireless telegraphy with 
three dififerent wave lengths. 

The foregoing review of the successive development of wireless 
telegraphy will have clearly illustrated the enormous advance that 
has been made in a comparatively short time. For a while it seemed 
threatened with grave danger. In consequence of fantastic reports 
the general public was led to overestimate the new means of com- 
munication to such an extent that the days of the cable were looked 
upon as over. Naturally a reaction set in, and hot enthusiasm was 
replaced by its antithesis. Nevertheless, the strenuous labour of pro- 
fessionals, and the recognition that wireless telegraphy has its natural 
limitations, have rescued it from discredit and directed public opinion 
into a healthy channel of active interest. Wireless telegraphy is 
destined to supplement and not displace the cable, and its aid will be 
the more valuable since the cost of installation and maintenance is 
lower than that of cable work. In fact, for a range of 600 miles the 
prime cost of a wireless installation is at most only one-tenth, and 
the cost of maintenance one-third that of a cable system. The special 
field of wireless telegraphy is that in which communication is to be 
established as quickly as possible, either temporarily or between 
movable points. 

The last stages of development have (to use an expression of 
Hertz) placed us in the position of no longer being compelled to make 
in electricis music with wooden clappers, for we now have a whole 
range of tones at our disposal for the purpose. 

We are still far from the goal, achieved in acoustics, of uniting 
great intensity with the highest resonance possibilities, and for the 
present have to be content with the choice between the two. 

Such higher aims can only be realised by close co-operation of 
science and technology, which is in no field so essential as in wireless 
telegraphy. 
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lONDON: CHARLES GRIFFIN ft CO.. UMITED. EXETER STREET. STRAND, 



ENOINEERINQ AND ME0HANW8. 29 

Fourth Edition, Revised. Pocket-Size, Leather, 128. 6d. 

BOILERS, MARINE AND LAND!: 

THEIR CONSTRUCTION AND STRENGTH. 
A Handbook ov Bulbs, Formui*^, Tablbs, &o., bblatitb to MatheuaIi 

8OANTLING8, AND PSSSSUBES, SaTBTT VaLYIES, SfIUNQS, 
FiTTINOS AND MOUNTINGS, kO. 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERS, 
AND STEAM USERS. 

By T. W. TRAILL, M.Inst.O.E., F.E.ILN.. 

Late Engineer Sonrejor-ln-Ohlef to the Board of Trade. 

" (Contains an Bkobmoub Quantitt of iNroBMATioN arrrai^ed in a very convenient form. . . 

A HOST UBiruL TOLTJMB . . . supplying information to be had nowhere else."— 27k« Bngmur.. 



Fifth Edition. Large Crown 8vo. With numeroas 
Illnstrations. 68. net. 

ENGINE-ROOM PRACTICE: 

A Handbook for Ensrineeps and Offlceps in the Royal Navy and Mepcantile 

Mapine, ineludingr the Management of the Main and Auxiliapy 

Engines on Board Ship. 

By JOHN G. LIVERSIDGE, RN., A.M.I.C.E. 

Ctim^eii<«.— General Description of Marine Machinery.— >The Conditions of Service and 
Duties of Engineers of the Royal Navy.^Entry and Conditions of Service of Engineers of 
the Leading S.S. Companies.— Baislni Steam —Duties of a Steaming Watoh on Engines 
and Boilers.— Shutting off Steam. —Harbour Duties and Watohes.— Adjustments and 
Bepaixs of Engines.— Preservation and Bepairs of "Tank" Boilers.— The Hull and its 
Fltnngs.— Oleaning and Painting Machinery.— Reciprocating Pumps, Feed HeatenL and 
Automatic Feed -Water Reguiator& — Evaporators. — Steam Boats. — Electric Light 
Machinery.- Hydraulic Machinery.— Air-Compressing Pumpa.i>Refrigerating Machines. 
—Machinery or Destroyers.— The Management of water-Tube Boilers.— Regulations for 
Entry of Assistant Engineers, R.N.— Questions given in Examinations for Promotion of 
ifingineert, R.N.— Regulations respecting Board of Trade Examinations for Engineers, *c. 

'^TfalBTBBTUSBrcL soox:. . . . iLLUsnuTiONS are of okkat dipoktawob in a vrork 
of tlilB Und, and it Is satisfactory to find that spkoial attention has been given in this* 
respeet."— iP»v*«««r«' Gazette. 

Fifth Edition, Thoroughly Revised and Greatly Enlarged. 
With Numerous Illustrations. Price 10s. 6d. 

VALVES AND VALVE - GEARING ; 

A Practical Text-booh for the use of Engineers, Draughtsmen, and Students^ 
By CHARLES HURST, Practical Draughtsman. 

Pabt I.— steam Engine Valves. I PART III.— Air Compressor Valves and 

Pakt II.— Gas Engine Valves and Gearing. 

Gears. | Part IV.— Pump Valves. 

"Ms. HuasT's VALVxs and valvs^^babino will prove a very valuable aid, and tend to the 
production of Engines of sciBNTinc DBSiON and BCOHOHicALWOBKiHO. . . . Will be largely 
sought after by Students and Dedgners."— IfariM JSngineer. 

*' As a practical treatise on the subject, the book stands without a Tiya.1."— Mechanical 
World. 



Hints on Steam Engrlne Deslgrn and Construotlon. By Charles 
Hurst, "Author of Valves and Valve Gearing." Second Edition, 
Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Price 
Is. 6d. net. 
OoNTBNTS.— L Steam Pipes.— II. Valves.— III. Cylinders.— IV. Air Pumps and Con- 
densers.- V. Motion Work.— VI. Crank Shafts and Pedestals.— VIL Valve Gear.-VIII. 
Lubrication.— IX. Miscellaneous Details — Indbx. 

'* A handy volume which every practical young engineer should possess."- 2%« Mode^ 
Bngineer. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET. STRAND. 
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Sboond Edition, Revised. With niimeroiui Plates rednoed from 
Working Drawings and 280 Illnstrations in the Text. 21b. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Praetieal Text-Book for the Use of Engine Bnildeni, 

Desifirners and Draugrhtsmen, Railway 

Engineers, and Students. 

By WILLIAM FRANK PETTIGREW, M.Inst.O.E. 

With a Section on American and Continental Engines. 

By AliBERT F. RAVENSHEAR, B.Sc, 

Of Hit MajMty'a Patent Office. 

OMl«atf . ~ Hlatorical Introdnotion, 1763-1868 Modern LocomotiTee : Simple.— 

Modern LooomotiTea: Oomponnd.- nimery Consideration in LooomofclYe Design.— 
Crllnden, Steam Oheeta, and Staffing Boxes.— Pistone, Piston Bods, Oroeshesda and 
SUde Bars.— Oonneoting and Coupling Bods.— Wbeels and Axles, Axle Boxes, Hombloeks, 
and Bearing Springs. --Balanoing.—ValTe Gear.— Slide ValTse and ValTe Qesr Details.- 
rraming,_Bogles and Axle Traoks, Badial Axle Boxes.— Boilers.— Smokebox, Blast Pipe, 
Firebox ritttngs.— Boiler Monntings.— Tenders. > Bailway Brakes.- Lubrication.— Oon- 
snmptloB of Fuel. ETaporatlon and Engine Efficiency.— Ameriosai LocomotiTes.— Con- 
tinental LooomotiTes.- Bepairs, Bnnning, Inspection, and Benewala— Three Appendiees. 
^Indsx. 

"The work oosTAnrs all that oav bs lkammt trom a book npon sneh a saUeet. It 
will at onoe rank as thb sTAsniJtD woix ufoh tbu inpoaTAHT sdbjxot.*'— Jtoilwof Mk^tuim. 



In Large 8vo. Folly Illustrated. Ss. 6d. net. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATING. 

Bt J. F. GAIRNS. 

OOKnHTS.—Introductoxy.— Compounding and Superheating for LocomotiTee.— A 
Classiflcation of Compound Systems for LooomotiTes.— The History and Development of 
the Compound Locomotive.— Two-Crllnder Non-Automatic Systema— Two-Cylinder 
Automanc Systems.— Other Two-Cylinder Systems.- Three-Cylinder Systems.— Vour- 
Cylinder Tandem Systems.— Four-Cylinder Two-Crank Systems (other than Tandem^— 
FouT'Cylinder Balanced Systems.— Four-Cylinder Divided and Balanced Systems.— 
Articulated Compound Engines.— Triple-Bxpansion Locomotives.— Compound Back 
Locomotives.— Concluding Remarks Concerning Compound Locomotives.— The Use of 
Superheated Steam for Locomotives.- Index. 

** A welcome addition to the library of the railway engineer.*'— Ai^'n«eHfi^ Timu. 



In Large $vo. Handsome Cloth. WUh Flaies and lUuatratwne. 16e. 

AT HOME AND ABROAD. 

By WILLIAM HENRY OOLE, M.Inst.O.R, 

Late Deputy-Manager, North*Westem Railway, India. 
C'ontetite.— Discussion of the Term '*Li^ht Bailways.'*— English Railways, 
Rates, and Farmers.— Light Railways in Belgimn, France, Italy, other 
European Countries, America and the Colonies, India, Ireland. ~Roaa Trans- 
port as an alternative.— The Light Railways Act, 1896.— The Question of 
Qauge.— Construction and Woridng.— Locomotives and RoUing-Stock.— Light 
Railways in England, Scotland, and Wales.— Appendices and Index. 

" Will remain, for some time yet a Standard Work in everything relating to Light 
Railwm.*'— Ai^iMer. 

"llie whole sublect is bxhaustivslt and PRAonoALLT considered. The work can be 
cordially recommended as DrnunNSABLB to those whose duty it is to become acquainted 
with one of the prime necessitiea of the immediate fatnre."— Jgai/way OtneieU QasetU. 

LONDON : CHARLES fiRIFFIN « CO.. LIMITED. EXETER STREET, STRAND. 



BNQINEBRINO AND ME0HANIC8. 31 

In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net. 

PRACTICAL CALCULATIONS FOR EN6INEMS. 

By CHARLES E. LARARD, 

A.M.Iii8t.0.E., M.LMech.E., WlLEzh., 
Head of the Mechanical Engineering Department at the Northampton Institute, London, E.G. 

And H. a. GOLDING, A.M.I.Mech.E. 

Contents.— Sbotion I.— Contracted Methods of Calculation.— Technical Mensura- 
tion.— Practical Calculation by Logarithms.— The Slide Bule and its Applications.— 
Squared Paper and its Uses. Section II.— Pulleys and Wheels in Train.— Speed Batios 
and Practical Examples.— Principle of Moments Applied to Practical Problems.— WoriE 
and Power.— Enernr and Speed Fluctuations.— Transmission of Work through Machines. 
—Friction and Efficiency.— Transmission of Power.— Shafting.— Motion on a Ctrcle.— 
Momentum, Acceleration, and Force Action. Section III.— Temperature Scales.— Units 
of Heat.— Specific Heat.— Heat and Work.— Heat Value of Fuels.— Heat Losses in Engine 
and Boiler Plant.— Properties of Steam.— Moisture and Dryness Fraction.— Steam and 
Fuel Calculations.— Boiler Efficiency.- Size of Boiler.— Engine Calculations.- Power, 
Indicated and Brake.— Calculations for Dimensions.— Steam Consumption and Willans 
Law.— Efficiencies, Comparative Costs of Power Production.— Commercial Efficiency. 
Section IV.- The Commercial side of Engineering.— Calculation of Weights.— Division 
of Costs, Material and Labour, Shop Charges and Establishment Charges.— BBtimates.- 
Profit.- Use of Squared Paper in the Estimating Department and to the General 
Management. 

"Exactly what it should be in order to make it useful to students and practitioners of 
engineering. —JIfaneftMter Guardian. 



Sixth Edition. Folio, strongly half-bound, 31 s. 

TRAVERSE TABI^ES: 

Computed to Four Places of Deeimals for evepy Minute of Angle 

up to 100 of Distance. 

Fop the Use of Supvoyops and Ensrineeps. 

By RICHARD LLOYD GURDEN, 
Authorised SvLtveyor for the Goremments of New South Wales and Victoria. 

*«* Published rviih the Concurrence 0/ the Surveyors- General for New South 
WeUes and Victoria, 

" Those who have experience m exact Survby-work will best know how to ai^uedate 
the enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this by rxfbrbncb to but Onb Table, in place ol the usual Fifteen 
minute computations required. This alone is evidence of the assistance which the TaUes 
ensure to every user, and as every Survejror in active practice has felt the want of sudi 
assistance few knowing of thkir publication will rbmain without thxm." 
—Engineer 

Strongly Bound in Super Royal Svo. Cloth Boards. 78. 6d. net. 



Fop Calculatinfir Wages on the Bonus or Premium Systems* 

For Engineering^ Technical and Allied Trades, 

By henry a. GOLDING, A.M.Inst.M.K, 

Technical Assistant to Messrs. Bryan Donkin and Clench. Ltd., and Assistant Lecturer 
in Mechanical Bngineering at the Northampton Institute, London, B.C. 

'* Cannot fall to prove practically serviceable to those for whom they have been 
designed."— iSiootfman. 

lONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRAND. 



32 0HARLB8 GRIFFIN A GO.'S PUBLICATIONS, 

Second Edition. Lftrge 8vo, Handsome Cloth. With 
niustrationB, Tables, kc, 2l8. net. 

Lubrication & Lubricants: 

A Treatise on the Theory and Praetiee of Lubrieation, and on the 
Nature, Properties, and Testing of Lubricants. 

BT AND 

LEONARD ABOHBUTT, F.I.O., F.C.S., B. M. DEELEY, M.LMech.E:, F.G.S. 

Chemist to the Mid. By. Co. Chief Loco. Super., Mid. By. Co. 

COHTBHTB.— L Friction of Solids.— II. Liquid Friction or YisooBitT, and Plastic 
Friction.— IIL Superficial Tension.- IV. The Theory of Lubrication.— Y. Lubricants, 
their Sources, Preparation, and Properties.— YI. Physical Properties and Methods of 
Snmination of Lubricants.— YII. Chemical Prcmerties and Methods of Examination 
of Lubricants.— YIIL The Systematic Testing of Lubricants by Physical and Chemical 
Methods.— IX. The Mechanical Testing of Lubricants.— X. The Design and Lubrication 
of Bearings.- XI. The Lubrication of Machinery.— Indix. 

" Contains practicaUy ALL THAT is known on the subject. Deserres the careful 
attention of all mkgtne&M"—Eailtvay Official QazetU. 



Fourth Edition. VeryfvXLy lUugtrated, Oloth, 48. 6ci. 

STEAM - BOILERS: 

THEIB DEFECTS, MANAaEMENT, AND OONSTRUOTION) 
By R D. MTJNRO, 

{^hi^ Bngineer of the SeottiA Boiler Insuranoe and Engine InspectUm Company, 
" A valuable companion for workmen and engmeers engaged about Steam Boilers, ought 
to be carefully studied, and always at hand."— C*//. Guardiau, 



Bt the same Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Handbook 
based on Actual Experiment. With Diagram and Coloured Plate. 3s. 



In Crown Svo, Clot A, Fully Illustrated, 55. net, 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Ppaetiee in General Tool Grindinff, and the 
Design, Constmetion, and Applieation of the Maehines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 

*' Eminently practical . . . cannot fail to attract the notice of the users of this class of 
machinery, and to meet with careful perusal." — Chem. Trade Journal. 



Fifth Edition. In Two Parts, Published Separately. 
A TEXT-BOOK OF 

Engineering Draf ing and Design. 

By SIDNEY H. WELLS, Wh.Sc, A.M.I.C.E., A.M.LMech.E. 
7oL. I. — Pbaotical Geometry, Plane, and Solid. 48. 6d. 
Vol. II.— Machine and Engine Drawing and Design, is. 6d. 

WiJUh iMuay lUustrcUions, spedaUy prepared far the Work, and numeroiM 

Escampleejfw the Use of Students in Techmcod Schools and Colleges, 

" A CAPITAL Tixff-BOOK, arranged on an bzcbllbnt stbum, calculated to give an intelUgtiit 
graap of the subject, and not the mere faculty of mechanical copying. . . . Mr. Wells ahowa 
bow to make oomputb woskiro-dbawinob, aiscnssing AiUy each step in the design."— JRaolrldol . 



LONDON: CHARLES GRIFFIN i CO., LIMITED EXETER STREET. STRAND. 



BNQINEJdRINO AND MJBOHANI08. 33^ 

In Three Parts. Crown 8vo, Handsome Cloth. Very Fully Illustrated. 

MOTOR-CAR MECHANISM AND MAHACEMENT. 

By W. POYNTER ADAMS, M.Inst.E.E. 
PART I.— THE PETROL CAR. 5s. net 

Sbcond Edition. With important new Api>eBdix, illustrating and defining parts 
of actual can in use. 

Contents.— Section I.— The Mechanism of the Petrol Car. — 
The Engine. — The Engine Accessories. — Electrical Ignition and Accessories. 
— Multiple Cylinder Engines. — ^The Petrol.— The Chassis and Driving Gear. 
— Section II. — ^The Management of the Petrol Car. — ^The Engine. — 
The Engine Accessories. — Electrical Ignition. — The Chassis and Driving 
Gear. —General Management. — Appendix. — Glossary. — Index. 

" Should be carefully studied by those who have anything to do vrith motors." — Auto* 
moiilt and Carriage Builder^ Toumal. 

\* PART II. The Eleetrioal Car, and PART UI. The Steam Car wiU be 
issued shortly. 



In X^rge 8vo. Handsome Cloth. Very Fully Illustrated. ISs. net 
A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Designing, Construction, and Worlting of Petrol Motors, 
By F. STRICKLAND. 

OEiiERAL Contents.— Pabt I. : Engines.— HlBtoricaL— Power Required.— General 
Arrangement of Engines.— Ignition.— Carburettors.— Cylinders, Pistons, Valves, Ac- 
Crank Shafts, Crank Chambers, Cams, Runners, Guides, Ac— Pumps.— Flywheels.— 
Pipe Arrangements. — Silencers.— Engine Control, Balancing.— Motor Cycle Engines. — 
Marine Motors.— Two-Cycle Motors.- Paraflln Carburettors.— Gas Producers. Pabt 
n.: Cars.— General Arrangements. —Clutches.— Transmission. — Differential Gears.— 
Uniyersal Joints.— Axles. — Springs. — Radius Rods. — Brakes. — Wheels. — Frames. — 
Steering Gear. —Radiator. — Stex>s, Mudguards, Bonnets, <&c. — Lubrication. — Ball 
Bearings.— Bodies.— Factors of Safety.— Calculations of Stresses.— Special Change Speed 
Gears.- Special Cars.— Commercial Vehicles.— Racing Cars.— Index. 

"Thoroughly practical and scientific. . . . We have pleasure in recommending it to all." 
—MeehanicaX Engiiieer. 

In Large 8vo. Cloth. Fully Illustrated. 10s. 6d. net. 

THE PROBLEM OP PLIGHT. 

By HERBERT CHATLEY, B.Sc.(Eng.), London, 

Lecturer in Applied Meohanics. Portsmouth Technical Institute. 

Contents.— The Problem of Flight-^ The Helix. ^ The ASroplane. — The Aviplane.— 

Dfarigible Baloons.— Form and Fittings of the Airship.— Appbndiobs (The Possibility of 

Flighty Weighty A Flexible Wing, Ihtory of Balance, Bibliography).— hfOBH. 

" An epitome of the knowledge ayailable on the subject."— Scoteman. 



In Crown 8vo. Handsome Cloth. With 105 Illustrations. 5s. net. 

MECHANICAL ENGINEERING 

By R. S. MCLAREN. 

Contents.— Materials.— Bolts and Nuts, Studs, Set Screws.— Boilers.— Steam Raising 
Accessories.— Steam Pipes and Valves.— The Steam Engine.— Power Transmission.— 
Condensing Plant.— The Steam Turbine.— Electricity.— Hydraulic Machinery.— Gas and 
Oil Engines.— Strength of Beams, and Useful Information.— Index. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET. STRANft 
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WORKS BY 
ANDREW JAMIESON, M.1nst.C.K, M.LE.E., F.R.S.E., 

F^nturfy Pr0/(rssor of EUcirical Engineering ^ The Glas, and IV, efScoi. Tech, CoU. 

PROFESSOR JAMIESON'S ADVANCED TEZT-BOOKS. 

In Largi Crown 8zv. JFMfy Uiustratid, 

STEAH AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations. With 800 pp., over 4CX> Illustrations, ii Plates, many 
B. of £., C. and G., Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Engines, Fifteenth Edition, Revised. los. 6d. 
" Tbe Bbst Book yet publishod for the use of Students."— J?MfiMrr. 

APPUED MECHANICS & MECHANICAL ENGINEERING. 

Including All the Inst, C,E, Exams, in (i) Applied Mechanics; 
(2) Strength and Elasticity of Materials ; (3a) Theoiy of Structures ; 
(ii) Theory of Machines ; Hydraulics. Also B. of E. ; C. and G. Questions. 
Vol. 1. — Comprising 568 pages, 300 Illustrations, and Questions: 
Part I., The Principle of Work and its Applications; Part II.: Friction, 
Lubrication of Bearings, &c. ; Different kinds of Gearing and their Appli- 
cations to Workshop Tools, &c. Fifth Edition. 85. 6d. 
'* Fully maintains the reputation of the Auihor.**^Fract, Engineer, 

Vol. II. — Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations ; Motion and Energy, Theory of Structures or Grapluc Statics ; 
Strong and Elasticity of Materials ; Hydraulics and Hydraulic 
Machmery. Fifth Edition. 12s. 6d. 

"Wbll AND LUCIDLY WRiTTBN.*'— 7Vl* Engineer. 

*,* Each of the above volumes is complete in itself, and sold separately. 



PBOFESSOR JAMIESON'S INTBODnCTORT NANUALS 

Cfvnw 8zw. WUk lUuttratitnt and Examination Papers, 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students, forming an Introduction to the 
Author's larger Work. Eleventh Edition, Revised and Enlarged. 3/6. 
" Should be in the hands of kvbry engineering apprentice."— /*»»(/&«/ Engineer* 

MA6NETISH AND ELECTRICITY (Praetieal Elementary 

Manual of). For First- Year Students. With Stud. Inst. C. £. and B. of E. 
Exam. Questions. Seventh Edition, Revised and Enlarged. 3/6. 
" A thoroughly trustworthy Text-book. Practical and K^xax,*'— Nature, 

APPLIED MECHANICS (Elementary Manual of). 

For First- Year Students. With B. of E. , C. and G. ; and Stud. Inst. C.E. 
Questions. Eighth Edition, Revised and Greatly Enlarged. 3/6. 
" The work has vkry high qualitibs, which may be condensed into the one word 
• CLBAR.* ^'—Science and A rt. 



i POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Eighteenth 
Edition. [Sec p. 49. 

lOHDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRAND. 
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WORKS BT W. I liCQUOBN RiMKDIE, U.D., F.R.S. 

ThopouflTbly Revlaed by W. J. MILiUUi, CB. 



A KANUAL OF APPLIED MECHANICS : Gomprising the 
PrinoipleB of Statics and Gineinatioi, and Theory of Stmotnrea, 
MeohMiism, and Machines. With Nomeroas Diagrams. Grown 8vo, 
Cloth. Sbvbntkbkth Edition. 12b. 6d. 



A MANUAL OF CIVIL ENGINEERING: Comprising Engin- 
eering Surveys, Earthwork, Foundations, Masonry, Carpentry, Metal 
Work, Roads, Railways, Canals, Rivers, Waterworks, Harbours, Ac 
With Numerous Tables and Dlustrations. Crown 8vo, Cloth. 
Twbnty-Thibd Edition. IBs. 



A MANUAL OF MACHINERY AND MILLWORK : Com- 

prising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. With nearly 300 Dlustrations. Crown 
8vo, Cloth. Sbvbnth Edition. 12s. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Section on Gas, Oil, and AiB 
Engines, by Bbtan Donkin, M.Inst C.E. With Folding Plates 
and Numerous Dlustrations. Grown 8vo, Cloth. Ssventbbnth 
Edition. 12s. 6d. 

USEFUL RULES AND TABLES : For Architects, Builders, 
Engineers, Founders, Mechanics, Shipbuilders, Surveyors, Ac With 
Appendix for the use of Eleotbioal Enoinbb]u>. By Professor 
Jamibson, M.Inst. O.K, M.I.E.E. Seventh Edition. lOs. 6d. 



A MECHANICAL TEXT -BOOK: A Practical and Simple 
Introduction to the Study of Mechanics. By Professor Rankinb 
and E. F. Bambbb, C.E. With Numerous Dlustrations. Crown 
8vo, Cloth. Fivth Edition. 9s. 

%* 1%B **MaaHAHXOAL TszT-BooK" wa$ dtiigned by Profeuor Bankdib at am Ivtbo- 
DUonoH to the above Series of MemuaU. 



MISCELLANEOUS SCIENTIFIC PAPERS. Fart I. Tempera. 

ture. Elasticity, and Expansion of V^apours, Liquids, and Solids. 
Part 11. Energy and its Transformations. Part HI. Wave-Forms, 
Propulsion of Vessels, ko. With Memoir by Professor Tait, M.A. 
With fine Portrait on Steel, Plates, and Diagrams. Royal 8vo. 
Cloth. 3l8. 6d. 

"No man enduring Manorial of Frofesaor Ranldne could be devised than the publica- 
tion oi the«e papers in an accessible fonn. . . . The Collection is most vahiable on 
aooount of the nature of his discoveries, and the beauty and ounpleteness of his analsrsis.** 
"^rdUUct. 

lOKDOK: GIUfiLES GRIFFIN & CO.. UNITED. EXETER STREET. STRAND 
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Third Edition, Thormghly Revised and Enlarged, With 60 Plates and 
Numereus Illustrations, Handsome Cloth, 345. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. C.E., F.G.S., 

FELLOW or KlXn/S COLLBGB, LONDON; PKOV. BMBRITUS OV CnriL BNGINBBRING, 
king's COLLBGB, BTC., STC 

Contents — Discharee through Orifices.— Flow of Water through Pipes.— Accumulators. 
— Presses and Lifts. — Hoists. — Rams. — Hydraulic Engines. — Pumping Engines. — Capstans. 
— Traversers. —Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching, 
Shearing, and Flanging Machines. — Cranes. — Coal Discharging Machines. — Drills and 
■Cutters. — Pile Drivers, Excavators, &c. — Hydraulic Machinery applied to Bridges^ Dock 
Gates, Wheels and Turbines.— Shields. — Various Systems and Power InstaUations — 
Meters, &c.— Index. 

"The standard work on the application of water power." — Cassiers Magann^, 



Second Edition, Greatly Enlarged, With Frontispiece, eeverai 
Plates, and over 250 lUwtrationa, 218, net. 

THE PRIHCIPLES AND COHSTRUCTION OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical lUustrationB of Engines and Pumps applied to Mining, 

Town Watee Sxtpflt, Drainaos of Lands, 9oo,, also Economy 

and Efficiency Trials of Pumping Machinery. 

By henry DAVEY, 

Member of the Instltatlon of Citil Engineers, Member of the Institation of 
Mechanicftl Engineers, F.G.S., Ao. 

Contents —Early History of Pumping En^es— Steam Pumping Engines— 
Pmnps and Pomp Valves — Greneral Principles of Non-Botative Pumping 
Engines— The Cornish Engine, Simple and Compound — Types of Mining 
Engines— Pit Work— Shaft Sinking— Hydraulic Transmission of Power in 
Mines — Electric Transmission of Power— Valve Gears of Pumping Engines 
— Water Pressure Pumping Engines — Water Works En^es — Pumjnng 
Engine Economy and Trials of Pumping Machinery — Centrifugal and other 
Low-Lift PumiM — Hydraulic Bams. Pumping Mains, kc — Index. 

'*B7 the *one English Engineer who probably knows more about Pomping Machinery 
«han AiiiT OTHBB.' ... A voLUMs RsaosDnro the ebsults or long bxpeubhob and 
eroDT."— 2%« EngUiur. 

"Undoubtedly THE best and most peactioai. tbbatisb on Pumping Machinery that has 

TBT BEEN FDBLISHBI>.**^il<ntn^ JOUrfUU. . 

LONDON: CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET. STRAND 
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At Pbess. In Larfi;e 8to. Handsome Cloth. Profusely Illustrated. 

In Two Volumes, Each Complete in itself, and 

Sold Separately. 

the: dessiont 

AND 

CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES, M.Inst.N.A., 

Professor of Naval Architectare in Glasgow UniTerslty. 

Contents of Yolume I.— Part I. : General Considerations.— Methods of Determin- 
ation of the Volume and Centre of Gravity of a known Solid. — Graphic Bnles for 
Integration.— Volumes and Centre of Gravity of Volumes.— Delineation and Descriptive 
Geometry of a Ship's Form. — Description and Instances of Ship's Forms.— Description 
of Types of Ships. Part II. : Calculation of Displacement, Centre of Buoyancy and 
Areas.— Metaoentres.— Trim.— CoeiSicients and Standardising.- Results of Ship Calcula- 
tions.— Instruments Used to Determine Areas, Moments, and Moments of Inertia of 
Plane Curves.— Cargo Capacities.— Effects on Draught, Trim, and Initial Stability due 
toFloodingCompartments.— Tonnage.— Freeboard.— Launching.— Application of the 
Integraph to Ship Calculations.— Straining due to Unequal Longitudinal Distribution 
of Weight and Buoyancy.— Consideration of Stresses in a Girder.— Application of Stress 
FormulsD to the Section of a Ship.— Shearing Forces and Bending Moments on a Ship 
amongst Waves. — Stresses on the Structure when Inclined to ttie Upright or to the 
Line of Advance of the Waves. — Distribution of Pressure on the Keel Blocks of a 
Vessel in Dry Dock.— Consideration of Compression in Ship Structure. 



BY PROFBSSOR BILESS. 

LECTURES ON THE MARINE STEAM TURBINL 

With 181 Illustrations, Price 68. net. 
See page 28. 



Hoyai 800, Handaome Cioth. With numerous Ittuatrathna and Tables. 269. 

THE STABILITY OP SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 

CMIGRT OF TMB IMPBRIAL ORDERS OW ST. STANILAUS OF RUSSIA; FRANCIS JOSBPM OF 

AUSTRIA; MBDJIDIK OF TURKEY ; AND RISING SUN OF JAPAN; VICF- 

PRRSIDBNT OF THE INSTITUTION OF NAVAL ARCHITECTS. 

" Sr Bdward Reed's ' Stability of Ships ' b invaluable. The Naval Architect 
will find brought together and ready to his hand, a mass of information which he would oCher^ 
wise have to seek in an almost endless variety of publications, and some of which he would 
possibly not be able to obtain at all e\aewhiae.''^3iea$ttsA£p. 

LONDON : CHARLES GRIFFIN ft CO.. UNITED. EXETER STREET. STRAND. 



3S OHARLBS QRIFFIN S 00.*8 PUBLICATIONS. 

WOBKS BY THOMAS WALTON, 
NAVAL. ARCHITECT. 



Fourth Edition. Illostrated with Plates, Numerous Diagrams, and 
Figures in the Text. 

STEEL SHIPS.- 

THEIB COHSTBUCTION AND MAIHTHNAHCE. 

A Manual for Shipbuiidera, Ship Superintendents, Students, 
and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF "know YOUR OWN SHIP." 

OoNTiMTB.— I. Manufacture of Cast Iron. Wrought Iron, and Steel. ~Gom- 
poflition of Iron and Steel, (Quality, Strengtn, Tests, &c. II. Classification of 
Steel Ships. III. Considerations in malring choice of Type of Vessel. — ^Framinff 
of Ships. rV. Strains experienced hy ShifM.— Methods of Computing ana 
Comparing Strengths of Ships. V. Construction of Ships. — ^Altematire Modes 
of Construction.— Types of Vessels.— Turret, Self Trimming, and Trunk 
Steamenu&c. — ^Rivets and Bivetting, Workmanship. VI. Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulls of 
Ships.— Cement, Paint. &c.— Index. 

** So ihoroaffh and wall written is every chapter in the book that it is dlfflonlt to select 
anv of them as being worthy of exceptional praise. Altogether, the work is excellent, and 
will prove of great value to those for whom it is intended."— 27to Engineer. 

In Handsome Cloth. Very fully Illustrated. 78. 6d« net. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships' Officers, and Engineers. 
By THOS. WALTON. 
GBMSRAii Contents.— Classification. —Materials used in Shipbuilding.— 
Alternative Modes of Construction. — Details of Construction. — Frammg, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arrangements, Loading and Discharging Gear, &c. — Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c. — Index. 

"Simple language . . . clear and easily followed illustrations."— TtmM 
Bngineering Supplement. 
"We heartily recommend it to all who have to do with ships."— 5eeam«At>. 



Ninth Edition. lUmtrated. Handsome Cloth, Crown 8vo. 78, 6d, 

The Chapters on Tonnage and Fpeeboard have been brought thoroughly 
up to date, and embody the latest (1906) Board of Trade Regrulations on 
these subtJeets. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Abchitbct. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners, 

Superintendents, Draughtsmen, Engineers, and Others, 



Contents. — Displacement and Deadweight. — Moments. — Buoyancy. — Strain. — 
Stmcturo. — Stability. — Rolling.— Ballasting.— Loading.— Shifting Cargoes.— Effect of 
Admission of Water into Ship.— Trim Tonnage.— Freeboard (Load-line).— Calculations . — 
Set of Calculations from Actual Drawings.— Index. ««.«.—--- 

1. " The work is of the hiehest value, and all who go down to the sea in ships'should make them- 
selves acquainted with it?' —ahippino World (on the new edition). 

LONDON: CHARLES ORIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 



NAUTICAL WORKS. 39 



GRIFFIN'S NAUTICAL SERIES. 

Edited by EDW. BLACKMORE, 

Master Mariner, First Claaa Trinity Honse Certificate, Assoc. Inst. K.A. ; 

And Wbtcten, mainlt, by SadiiOrs for SadiiObs. 



"This admirablb sbbdss."— FairpZoy. ' A txbt itssvul siribs."— iToture. 
"BviRT Ship shotdd have the wholb Sbrdbs as a Rbfhrenob Librabt. Hanb- 
BOiOLY BOUND, OLBABLT PBINTBD and ILLUSTRATBD. "—i^tverpooZ Joum. Qf Commeroe. 



The British HereantUe Marine: An Historical Sketch of its Rise 

and Development. By the Bditor, Gapt. Blaokmore. 8s. 6d. 

" Captain Blackmore s splbndid book . . . contains paragraphs on every point 
of Interest to the Merchant Marine. The 248 pages of this book are THB most YALU* 
ABLB to the sea captain that have byer been compiled. "—JT^reAant SenrioB E»frieuf, 

ElementaFy Seamanship. By D. Wilson-Barker, Master Mariner, 
F.B.S.E., F.B.a.S. With nnmerons Plates, two in Colours, and ITrontispiece. 
FOURTH Edition, Thoroughly Revised. With additional Illustrations. 6s. 
('This admirable manual, by Capt. Wilson Barker, of the * Worcester,' seems- 

to us PERFBCTLY DBSIONED. "— ^tAtftMBtMII. 



Know Your Own Ship : a Simple Explanation of the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By Thos. Walton, Naval Architect. 
Ninth Edition. 7s. 6d. 
"Mr. Walton's book will be found ybry usbpul."— r*« Engineer. 



Navigation : Theoretical and Practical. By D. Wilson-Babkbr. 

and William Allinoham. Sboond Edition, Bevised. 8s. 6d. 
"PRECISELY the kind of work required for the New Certificates of competency. 
Candidates will find it inyaluable. "—Dundde AdvertiBW, 



Marine HeteorolO^: For Officers of the Merchant NaYy. By 
William Allinoham, Arst Class Honours, Navigation, Science and Art Department. 
With Illustrations and Maps, and faenmiU reproduction of log page. 7s. 6d. 
" Quite the bbst publication on this mbieot."— Shipping OazetU. 

Latitude and Longitude : How to find them. By W. J. Millar^ 

C.E. Sboond Edition, Eevised. 2s. 

" Cannot but prove an acquisition to those studying Navigation."— JforifM Bngineer. 

Practical Mechanics: Applied to the requirements of the Sailor. 
By Thos. Mackbnzib, Master Mariner, F.B.A.S. Third Edition, Eevised. 8s. 6d. 
" Well worth the money . . . exceedingly hxlpwul."— Shipping World. 



Trigonometry : For the Young Sailor, &a By Rich. 0. Buck, of the 
Thames Nautical Training College, H.M.S. '* Worcester." Third Edition, Bevised . 
Price 8s. 6d. 
" This EMINENTLY PRACTICAL and reliable Yohime."—Sehoolma8ter, 



Practical Algrebra. By Bioh. 0. Buck. Companion Volume to the 

above, for Sailors and others. Second Edition, Bevised. Price 8s. 6d. 

" It is JUST THE BOOK for the young sailor mindful of progress."— iiratttieaZ Magtutine. 



The Legral Duties of Shipmasters. By Bbnbdiot Wm. Ginsbuso, 

M.A., LL.B., of the Inner Temple and Northern Circuit: Barrister-at-Law. SECOND 

Edition, Thoroughly Bevised and Enlarged. Price 4s. 6d. 

" INYALUABLE to masters. . • . We can fully recommend it '—Shipping QoieUe. 

A Medical and Surgrical Help for Shipmasters. Including First 

Aid at Sea. By Wm. Johnson Smith, F.B.C.S., Frlncipal Medical Officer, &amen's- 
Hospital, Greenwich. Third Edition, Thoroughly Bevised. 6s. 
" Sound, judicious, really helpful."— 7%« Lancet. 

LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 
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40 CHARLES ORIFFJN dfc C0.*8 PUBLICATIONS. 

GRIFFIN'S NAUTICAL SERIES , 

IntrodUfCtory Volume, Price Ss. 6d, 

British Mercantile Marine. 

By EDWARD BLAOKMORE, 

IfASTBR MAKINBR; ASSOCXATB OP THB INSTITUTION OP NAVAL AKCHITBCTS; 

If BMBBR OP THB INSTITUTION OP BNCINBBRS AND SRIPBUILOBBS 

IN SCOTLAND; BDITOR OP CRIPPIN'S "NAUTICAL SBBXBS." 

amRAL GoNTSNTS.— HiBTOBiOAL : From Early Times to I486— PruinM 
<ander Hemry YIII.—To Death of Mary-^Dtizinff Elizabeth's Keign— Up to 
the Beign of William III.— The 18th and 19th Centmies— Institatioii of 
Ezaminatioiis — Rise and Progress of Steam Proptdsion — Development of 
Free Trade— Shipping Legislation, 1862 to 1875— " Locksley Hall^ Case— 
€ttiipmasters' Societies— Loading of Ships— Shipping Legislation, 1884 to ld94— 
Statistics of Shipping. Thi Pebsonnbl : Shipowners— Officers— Mariner*— 
Duties and Present Position. Edxtoation: A Seaman's Education; what it 
•flhonld be— Present Means of Education— Hints. Disoeplinb and Dittt— 
Postscript— The Serious Decrease in the Number of British Seamen, a Matter 
•demanding the Attention of the Nation. 

*^laTBBMTnro and Iksibuotitb . . . may be read with pboixt and BNJOTiain."- 
■€fkug<m Btrald. 

^Btxbt brahoh of the sabjeot Is dealt with in a way whioh showB that the wilter 
'* knows the ropes * familiarly.**— AcofjifMM. 

»»TUs ANmABU book . . . nxMS with nsefnl information— Should be in ttM 
iiands of OTeiy 8allor. **— Western Morning New, 



Fourth Edition, ThoroitgKly Revised, With AddUional 
Illustrations, Price 6s, 

ELEMENTARY SEAMANSHIP. 

O. WILSON-BARKER, Mastbb Mabineb; F.R.S.E., F.R.6.S.,fta, fto. 

TOUVQIB BROTHS& OF THB TRINITT HOUSl* 

With Frontispiece, Numerous Plates (Two in Colours), and niuatrationi 

in the Text. 

QiNS&AL GoMTmns.— The Building of a Ship; Parts of Hull, Masts, 
.^bc.— Ropes, KnotcL Splicing, ftc. — (rear. Lead and Log, ftc. — Ringing, 
Anchors — Sailmaking — The Sails, &c. — Handling of Boats under Sail — 
Signals and Signalling— Rule of the Road— Keeping and Relieving Watch — 
Pomts of Etiquette— Glossary of Sea Terms and Phraaes — ^Index. 

%* The Yolnme containB the nsw kdlbb ov tbs boa]>. 

**This ADHXBABLB MANUAL, by Oaft. Wilsoh-Baxksb of the * Woroester,' seems to vm 
«BBnoxLT DssioHSD, and holds its place ezoellently in ' Gbiffin'b Nautioal Skbibs.' . . . 
Although intended for those who are to become Offioen of the Merchant Nayy, it will be 
found nsefnl by au. TAOHiBMBiir.**— ilM«M0iim. 

%* For complete List of QBimN*B NAunoAL Sbbus, see p. 89. 

LONDON : CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES, 

Second Edition, Revised and Illustrated. Price Se. 6d. 

NAViaATION: 

Bt DAVID WILSON-BARKER, RN.R, F.R.S.E., &o., dro., 

AND 

WILLIAM ALLINGHAM, 

FIRST-0LA8S HONOUBS, NAYIGATION, SODBNOB AND ART DNPABTMBNT. 

tmitb Vittmetou0 ailusttationB mb Biamination (nuedtioiid* 

Gknebal Gontkntb.— Definitions — ^Latitude and Longitode — Instramenti 
-of Navigatioii— Correction of Goai8e&— Plane Sailixije^-Trayerae Sailing— Day's 
W«^ — Parallel Sailing — Middle Latitude Sailing ~ Mercator*s Chart— 
Mercator Sailing — Current Sailinf^— Position bvBearings— G-reat Circle Sailing 
—The Tides— Questions— Appendix : CompassError — Numerous Useful Hints. 
•Ac. — Index. 

*' Pbbouklt the kind of work required for the New Certifloates of oompetency in padet 
from Second Biate to extra Master. . . . Candidates will find it TSVAUJABJM.^'—Ihmdti 

**A oARTAi. uTTUi BOOK . . . Bpedallj adajited to the New Examinations. The 
AulhorB are Gaft. WnsON-BABSXR (Captain-Superintendent of the Nautical College, H.H.S. 
* WorccBter,' who has had great experience in the highest problems of Navigation), and 
Us. ALLDroHAK, a well-known writer on the Science of NaTiganon and Nautical Astronomy.** 
-SMpfing WorkL 



Handsome Cloth. Fully lUustrctted. Price 7b. 6d, 

MARINE METEOROLOGY, 

FOB OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and lUustrations, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMABY OF OONTENTS. 

iNTBODUCfiOBT.— Instruments Used at Sea for Meteorological Purposes.— Meteoro- 
logical Log-Books.— Atmospheric Pressure.— Air Temperatures.— Sea Temperatures.— 
Winds.- Wind force Scales.- History of the Law of Storms.— Hurricanes, Seasons, and 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Iceberg8.--£hm* 
chronous Charts.— Dew, Mists, Fogs, and Haze.— Clouds.— Bain, Snow, and HalL— 
Mirage, Bainbows, Coronas, Halos, and Meteors.- Lightning, Corposants, and Auroras.— 
4l0BB!noN8.—AppBNDrx.— Index. 

** Quite the bbst publication, and certainly the moot iNnusTise, on tliis subject ever 
presented to Nautical mea."—8Mppinig Oaaette. 

*^* For Complete List of Griftin's Navtioal Sbbibs, see p. 39. 
LONDON: CHARLES GRIFFIN ft CO.. LIMITED. EXETER 8TREEL STRAND. 



4« OBABLMH QMFrill * OO.'M FVMLWATlOMt. 

GBirrnTS yAxrricAL series. 

Thibd Edition, Revised. With Numerous Illustrations. Price Ss. 6d. 

Practical Mechanics: 

Applied to the Bequirements of the Sailor. 
By THOS. MACKENZIE, 

Matter MarvMr, F,R.A.8. 
QiNBRAL CONTKNTS.— Resolution and Composition of Forces— Work done 
by Machines and Living Agents — The Mechanical Powers: The Lever; 
Derricks as Bent Levers — The Wheel and Axle : Windlass ; Ship's Capstan ; 
Grab Winch— Tackles : the "Old Man'*— The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, Manilla. Heinp, Coir — ^Derricks and Shears— Calculation of the 
Cross-breaking Stram of Fir Spar— Centre of Effort of Sails— Hydrostatics : 
tiie Diving-bell ; Stability of Floating Bodies ; the Ship's Pump, ftc. 
** This sxoellsnt book . . . contains a labob amoitnt of information.'^ 

" Well wobth the money . . . will be found ixoebdinolt helpful.''— 
ahkmhiff World, 

''No Ships' Offioebs' bookoasb will henceforth be complete without 
Captain Maokenzie's ' Pbaotioal Mechanics.' Notwithstanding my many 
years' experience at sea, it has told me Aoto much more there U to tuyquvrt,** — 
(Letter to the Publishers from a Master Mariner). 

" I must express my thanks to you for the labour and care you have takep 
in 'Practical Mechanics.' . . . It is a life's bxperiencb. . . . 
What an amount we frequently see wasted by ruling purchases without reason 
and accidents to spars, &c., &c. ! ' Practical Mechanics ' would save all 
THIS." — (Letter to the Author from another Master Mariner). 



WORKS BT RICHARD C. BUCK, 

Of the Thames Nantioal Training OoUege, H.M.S. ' Woroetter.' 

A Manual of Trigonometry: 

With Diagrams, Examples, and Exercises. Price 8s. 6d. 

Third Edition, Revised and Corrected. 
*«* Mr. Buck's Text-Book has been specially prepared with a yiew 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

"This BOHXHTLT PRAcncAL and BBLiABLB YoixnaJ"'^8dtoolmaster. 

A Manual of Algebra. 

Designed to meet the Requirements of Sailors and others. 
Second Edition, Revised. Price 3s. 6d. 

*«* These elementary works on alobbsa and trigonoicbtst are written speolally for 
IhOBe who will have little opportunity of consulting a Teacher. They are books for '^sblf- 
EXLP." All but the simplest explanations have, therefore, been avoided, and amswxbs t« 
the Exercises are glvea Any person may readily, by careful study, become master of their 
eontents, and thus lay the foundation for a further mathematical course, if desired. It is 
hoped that to the younger Officers of our Mercantile Marine they will be found decidedly 
leryioeable. The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the "Worcester." 

" Olearly arranged, and well got up. . . .A first-rate Elementary Algebra."— 
tfcmticai Magazine. 
%*For complete List of GmFFPf^s Nautical Skbibs. see p. 89. 

LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN^S NAUTICAL SERIES. 

Sboond EditioNi Thoroughly Revised and Extended. In Grown Syo. 
Handsome Cloth. Price 4s. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BT 

BENEDICT WM. GINSBURG, M.A., LL,D. (Oantar), 

Of the Inner Temple and Northern Circuit; Barrliter-at-Law. 

General Contents.— The Qoaliflcation for the Position of Shipmaater— The Con- 
tract with the Shipowner— The Master's Duty in respect of the Crew : Bngagement 
ApTOentices; Discipline ; FroTlsions, Accommodation, and Medical Comforts ; Payment 
en wages and Discharge— The Master's Dnty in respect of the Passengers— The Master's 
Financial BesponsibiUties— The Master's Ihity in respect of the Cargo— The Master's 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Master's Duty in relation to Pilots, Signals, Flan, and Light Dues— The Master's Duty 
upon ArriTal at the Port of Discharge— Appendioes relative to certain L^al Matters : 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Begula- 
tions, LifeHBavlng Appliances, Carriage of Cattle at Sea, Ac., Ac— Copious Index. 

'' No Intelligent Master should fkU to add this to his list of necessary books. A few Unas 
of it may savb a lawtbk's vbs, bisidss bndlbsb wgbxs." ^Liverpool Journal of ComfMiree, 

" SsBSiBUi, plainly written, In olbib and non-tbohnioal lanouaqb, and will be ftnmd of 
MUOH ssBviOB by the Shipmaster.**— Br<«<A Trade Review. 



Second Edition, Revised. With Diagrams. Price 28. 

Latitude and Longitude: 

EEoiHT to Fln.d tlnexn. 

By W. J. MILLAR, O.E., 

LaU aeoretary to ih€ but. of Engineers and SMpbuilden in BcoUand. 

" GONOISELT and olbably written . . . cannot but prove an acquifitioB 
to those studying Navigation."— Jfarine Engineer. 

** Yonng Seamen will find it handy and useful, simple and olbab."— 2%fl 



FtRGT AID AT SEA. 

Thibd Edition, Revised. With Coloured Plates and Nnmerona Illnstra- 

tions, and comprising the latest Regulations Respecting the Carriage 

of Medical Stores on Board Ship, rrioe Cs. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, F.RO.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

*«* The attention of all interested in our Merchant Navy is requested to this ezoeedingly 
asefol and valuable work. It is needless to say that it is the outcome of many years 
PHAoncAL BXPBEiBMCs smongst Seamen. 

"Souin>, juDioiovs, BBALLT HSLFTnL."— 27^ Lancet. 

*«* For Complete List of Gbifpin's Nautical Series, see p. 39. 
LONDON : CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. STRMO. 



44 0BARLE8 ORIFFIN d, 00:8 PUBLWATJ0N8. 

gRirrnrs waittical series. 

Ninth Edition. Bevisedy with Chapters on Trimy Buoyancy y and Oalculct' 
tiona. Numerotia lUuetratums, Handsome Clothy Crown 8vo. Price 7s, 6d, 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Aechitect. 

SpeoiaNy arranged to suit the requirements of Ships' Officers , Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others, 

This work explaiuB, in a simple manner, auch importants abjeots as:— Diaplacement.— 
Deadweight— Tonnage.— Freeboard. — Moments.— Bnoyanoy.— Strain.— Structore.— Stab- 
ility.— Boiling.— Ballasting.— Loading. ^Shifting Cargoes. — Admission of Water.— Sail 
Area.— &c. 

" The little book will be found bxcbsdinglt handt by most officers and officials oonneetei 
with shipping. ... Mr. Walton's work will obtain lasting success, because of its uniaae 
ttness for those for whom it has been written."— Shipping World. 



BY THg SAMB AUTHOR, 

Steel Sbips: Tbeir Constrnctioii and Maintenance. 

(See page 38.) 

Sixteenth Edition, Tlioroughly Bevised, Large 8t;o, Cloth, 

pp, i-xxiv+712. With 2i50 BhtstrationSy reduced from 

Working DrawingSy and 8 Plates, 21^. net. 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, OONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A.E. SEATON, M.LC.E., M.LHeeh.BM M.LN.A. 

GxNXRAL Contents. — Part I. — Prinoiples of Marine Propulsion. 
Part II. — Principles of Steam Engineering. Part in. — Details of 
Marine Engines : Design and Calcnlations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV.— Propellers. Part V. — Boilers. 
Part VI. — MiscellaneouB. 

"The Student, Draughtsman, and Engineer will find this work the most valuable 
Sandbook of Reference on the Marine Euflrine now in existence."— IfaWM Enoimer, 



Ninth Edition, Thoroughly Revised. Pooket-Size, Leather. 8s. 6d. 
A POOEET-BOOE OF 

MARINE ENGINEERING RULES AND TABLES, 

FOR THB USE OF 

Marine Engineers, Naval Arehiteets, Designers, Draughtsmen, 
Superiniendents and Others. 

By a. E. SEATON, M.I.O.E., M.I.Mech.E., M.I.N.A.. 

AND 

H. M. ROUNTHWAITB, M.I.Mech.E., M.I.N. A 

" The best book of its kind, and the information is both up-to-date and reliable."— 
Engineer, 

lAWOH: CHARLES GRIFFIN « CO., LIMITED. EXETER STREET. STRAND. 



ENOINEERINO AND ME0HANI08. 45 

WORKS BT PROF. ROBERT H. SMITH, Assoe.H.LC.E., 

li.LM60lLB., H.Lia.B., HIMiiLE., Whit Soh., M.Ord.M«ijL 



Second Edition, Revised. In Crown Svo, extruy toUh Diagrama 
and Foldrng-Flate. 8b. 6d. 

THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 

Applied to.Teehnieal Problems. 

WITH ■xmrann 
OLASSIFIBD BEFBBBNOB LIST OF IKTEGBAIiS. 

By PROF. ROBERT H. SMITH. 

" Pbov. E. H. Smivh'b book will be serviceable in rendering a hard road as babt as nkciic 
ABLB for tne non-mathematical Student and Engineer."— jl<Jk«n«B«m. 

'* Interesting diagrams, with practical Ulnstrations of actual occurrence, are to be foond here 
in abundance. Thb ybbt complbu classivibd EiraaBHCfs taslb will prove very useful in. 
saving the time of those who want an integral in a hurry."— !Z%< Entfineer, 



In 4tOj Boards, 78. 6d. 

MEASUREMENT CONVERSIONS 

(English and French): 

43 GRAPHIC TABLES OB DIAGRAMS, ON 28 PLATES. 

Showing at a glance the Mutual Convebsion of MEAsxnEUBMSNTs 
in DnmsssNT Units 

Of ZjengthB, Areas, Volumes, Weights, Stresscfs, Densities, Quantities 

of Work, Horse Powers, Temperatures, fto. 

For the use of Engineers, Surveyors, Architects, and Contractors. 

%* Prof. Smith's Gonyersion-Tables form the most nniqne and com- 

prehensive collection ever placed before the profession. By their use mnoh 

time and labour will be saved, and the ohanees of error in calculation 

dimJniriied. It is believed that henceforth no Engineer's Office will be 

considered complete without them. 



Third Edition. Pocket Size, Leather Limp, with Gilt Edges and Bounded Comers, 
printed on Special Thin Paper, with Illustrations, pp. i-xii + 834. Price 18s. net. 

(THE NEW "NYSTROM") 
THE MECHANICAL ENGINEER'S REFERENCE BOOK 

A Handbook of Tdblesy FormulcB and Methods for Engineers, 
Students and Draughtsmen. 

By henry HARRISON SUPLEE, B.Sc, M.E. 

" We feel sure it will be of great service to mechanical tn^Q&n"— Engineering. 

LONDON: CHARLES 8RIFFIN ft CO.. LIMITED. EXETER STREET, STRANa 
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Second Edition. In Large 8vo. Handsome Cloth. 16s. 

CHEJIfflSTRT FOR ENGINEERS. 

BY 

BERTKAM BLOUNT, and A. G. BLOXAM, 

FXO., F.O.S., A.LO.E. F.I.O., F.O.S. 

GBKEBAL CONTENTS. —Introdaotion—Oliemlstry of the OMef Hateriali 
of Ctonstruction— SourooB of Energy— Chemistry of Steam-ralslng— Chemlfl- 
try of Lubrication and Lubricants— UetaUnrgioal Processes used in the 
Winning and Manufacture of Metals. 

"The Mthon have inocnxDicD beyond all expectation, and have prodneed a woiiK whieb 
ihoold give FBBSH POWXB to the Engineer and Mannfutnrer."— 2^ Timtt, 



By the same Authors, <' Chemistby fob Manufacturbrs," see p. 71. 



THE ELEMENTS OF CHEMICAL ENGINEERING. By 

J. Grossmann, M.A., Ph.D., F.LC. With a Preface by Sir 
William Ramsay, K.C.B., F.R.S. In Handsome Cloth. With 
nearly 50 Illustrations. 3s. 6d. net [See page 70. 



In Demy Quarto. With Diagrams and Worked Problems. 
2s. 6d. net. 

PROPORTIONAL SET SQUARES 

APPLIED TO GEOMETRICAL PROBLEMS. 

By Libut.-Col. THOMAS ENGLISH, Late Royal Engineers. 



Works by WALTER R, BROWNE , M.A., M.InslC.E. 

THE STUDENT'S MECHANICS: 

An IntFodnetioii to the Study of Foree and Motion. 

With Diagrams. Crown 8vo. Cloth, 45. 6d. 

" dear in style and practical in method, 'Thb Studbmt's Mbchamics' ia cordially to be 
recommended from all points of view.*'— ^/Ammimw. 



FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engineer. In Crown 8vo, Is. 



Demy Syo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 
By Peop. FRANZ SCHWACKHOfER of Vienna, and 
WALTER R. BROWNE, M.A., CE. 
Gbnxkal Contents.— Heat and Combustion— Fuel, Varieties of— Firing Arrangements: 
Furnace, Flues, Chimney— The Boiler, Choice of— Varieties— Feed-water Heatera— 
Steam Pipes— Water: Composition, Purification— Prevention of Scale, &c., &c. 
" The Section on Heat is one of the best and most ludd ever written."— ii:>i^«M#r. 

tOWON: CHARLES QRIFFIN & CO., LIMITED, EXETER STREET. STRAND. 
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CBIFFIM'8 LOCAL COYERMMEHT HAMPBOJUKS. 

WORKS SUITABLE FOR MUNICIPAL AND COUNTY ENGINBBBS, 

ANALYSTS, AND OTHERS. 

See also Davies' Hygiene, p. 99, and MacLeod's Calculations, p. 110 General Catalogue. 

Gas Manufaeture (The Chemistry of). A Handbook on the Pro- 
duction, Purification, and Testing of Illuminating Gas, and the Assay of Bye-Pro- 
ducts. By W. J. A. BUTTERFIELD, M.A., F.I.C., F.C.S. With Illustrations. Fototh 
Edition, Revised. Vol. I., 7s. 6d. net. Vol. II., in preparation. [See page 77. 

Water Supply : A Practical Treatise on the Selection of Sources and the 
Distribution of Water. By Reginald E. Middleton, M.In8t.C.E., M.In8t.Mech.E., 
F.S.I With Numerous Plates and Diagrams. Crown 8vo. 8s. 6d. net. [See page 77. 

Central Electrical Stations : Their Design, Organisation, and Manage- 
ment. By C. H. WORDINQHAM, A.KC., M.I.C.E. SECOND EDITION. 248. net. [Seep. 48. 

Electricity Control. By Leonard Andrews, A.M.Inst.C.E., M.I.E.E. 

128. 6d. net. [See page 48. 

Electricity Meters. By Henry G. Solomon, A.M.Inst.E.E. 16s. 
net. [See page 49. 

Trades' Waste : Its Treatment and Utilisation, with Special Reference 
; « to the Prevention of Rivers' Pollution. By W. Naylor, F.C.S., A.M.Inst.C.E 
C - With Numerous Plates, Diagrams, and Ulustrations. 2l8. net. [See page 76 

Calcareous Cements : Their Nature, Preparation, and Uses. With 
some Remarks upon Cement Testing. By Gilbert Rbdoraye, ABS0c.Inst.C.B., 
and Chas. Spaokman, F.C.S. Second Edition. With Illustrations, Analytical 
Data, and Appendices on Costs, Ac. 16b. net. [See page 76. 

Road Making and Maintenance : A Practical Treatise for Engineers, 
Surveyors, and others. With an Historical Sketch of Ancient and Modem Practice. 
By Thomas Aitesn, As80c.M.InBt.C.E., &c. Second Edition, Revised and En- 
larged. 21s. net. [See page 79. 

lAght Railways at Home and Abroad. By William Henbt Colb, 

M.Inst.C.B., late Deputy Manager, North-Westem Railway, India. Large Svo, 
Handsome Cloth, Plates and illustrations. 16s. [See page 80. 

Practical Sanitation : A Handbook for Sanitary Inspectors and others 
interested In Sanitation. By Geo. Reid. M.D., D.P.H., Medical Officer, Staffordshire 
County Council. With Appendix (re-written) on Sanitary Law, by Herbert Manley, 
M.A., M.B., D.P.H., Barrister-at-Law. THIRTEENTH Edition, Thoroughly Revised. 
6s. [See page 78. 

Sanitary Engineerinsr: A Practical Manual of Town Drainage and 
Sewage and Refuse Din>osal. By Francis Wood, A.M.Init.C.B., F.G.S. Second 
Edition, Revised. Ful^ Illustrated. 88. 6d. net. [See page 7&. 

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Droop Richmond, F.I.C, Chemist to the Aylesbury Dairy 
Company. Second Edition, Revised. With Tables, Illustrations, Ac, Handsome 
Cloth. [See page 78. 

Dairy Analysis : The Laboratory Book of. By H. Droop Richmond, 
F.I.C. Fully Illustrated, Cloth. 2s. 6d. net. [See page 78. 

Milk: Its Production and Uses. With Chapters on Dairy Farmmg, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By Edward F. 
WiLLOUOHBY, M.D. (Loud.), D.P.H. (Lond. and Camb.), 6s. net. [See page 78. 

Flesh Foods: With Methods for their Chemical, Microscopical, and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. Ainsworth Mitchell, B.A., F.LC, Mem. Council Soc. of Public 
Analysts. With numerous Illustrations and a coloured Plate. lOs. 6d. [See page 74. 

Foods: Their Composition and Analysis. By A. Wyntbb Blyth, 
M.R.C.S., F.C.S., Public Analyst for the County of Devon, and M. W JBlyth. 
B.A., B.SC. With Tables, Folding Plate, and Frontispiece. Fifth Edition, 
Thoroughly Revised. 21s. [See page 72. 

lONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRANH 
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ELECTRICAL ENGINEERING. 

Second Edition, Revised, In Large ^vo. Handsome Cloth, Profusely 
lUusirated with J^ates^ Diagrams^ and Figures, 24J. net, 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management. 

By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M.Inst.Mech.E.^ 

Late Memb. of Council InstE.E., and Electrical Engineer to the City of Manchester ; 
Electrical £ngineer-in-Chief to the Admiralty. 

ABRIDGED GONTSNTS. 

Introductory. — Central Station Work as a Professioa — Ab an Investment. — The Estab- 
lishment of a Central Station —Systems of Supply.— Site.— Architecture.— Plant.— Boilers — 
Systems oi Draught and Waste Heat Economy. — Coal Handling, Weighing, and Storing.- 
llie Transmission of Steam. — Generators. — Condensing Appliances. — Switching Gear» 
Instruments, and Connections. — Distributing Mains.— Insulation, Resistance, and Cost.— 
Distributing Networks. — Service Mains and Feeders. — Testing' Mains. — Meters and 
Appliances.— Standardising and Testing Laboratory.— Secondanr Batteries.— Street Light- 
ing. — Cost— General Organisation — Mains Depsurtment. — In.suHation Department — 
Standardising Department — Drawing Office. — Clerical Department — The Consumer.— 
Routine and Main Laying.— Indbx. 

" One of the most valuablb contributions to Central Station literature we have had 
for some lim^"— Electricity. 



In Large 8vo. Handsome Cloth. Profusely Illustrated. 12s. 6d. net. 

ELECTRICITY CONTROL. 

A Treatise on Eleetrie Swltehfirear and Systems of Eleetrie Tpansmisslon. 
By LEONARD ANDREWS, 

Associate Member of the Institution of Civil Engineers, Member of the Institution of 
Electrical Engineers, &c 

General Principles of Switchgear Design. —Constructional Details— Circuit Breakers wr 
Arc Interrupting Devices.— Automatically Operated Circuit- Breakers.— Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running. — 
General Arrangement of Controlling Apparatus for High Tension Systms. — General 
Arrangement of Controlling Apparatus for Low Tension Systems. — Examples of Complete 
Installations. — ^Long Distance Transmission Schemes. 

"Not often does the specialist have presented to him so satisfactory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject." — Power. 



Large Svo, Cloth, with 334 Pages and 307 Illustrations. 168, net. 

ELECTRICITY METERS, 

By henry G. SOLOMON, A.M.InBtKE. 

Contents.— Introductory. — General Principles of Continuous - Current 
Meters. — Continuous-Current Quantity Meters.— Continuous-Energy Motor 
Meters. — Different Types. — Special Purposes, i.e., Battery Meters, Switchboard 
Meters, Tramcar Meters. — General Principles of Single- and Polyphase Induc- 
tion Meters. — Single -phase Induction Meters. — Polyphase Meters. — Tariff 
Svstems. — Prepayment Meters. — Tariff and Hour Meters.— Some Mechanical 
Features in Meter Design. — Testing Meters.— Index. 

" An earnest and sncceBsful attempt to deal comprehensively with modern methoda of 
measuring current or power in electrical inAtaMoXion'i."— Engineering, 

LOHDON : CHARLES SRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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In Large Crown 8vo. Handsome Cloth. Fully Illustrated. 

TELEGRAPHIC SYSTEM S» 

AND OTHER NOTES. 

A Handbook of the Principles on which TeJegraphic Practice is Based. 

By ARTHUR CROTCH, 
Of the Engineer-in-Ghief 8 Department, G.P.O. 

GONTBNTS.— Batteries, Primary and Secondary. — Morse Systems: Duplex, Diplez, 
Qaadmplez, Multiplex.— Tjrpe-Printing Systems : Hughes, Baudot, Murray.— Test and 
Battery Boxes. — Concentrators. — Intercommunication Systems. — Central Batteiy 
Arrangements. — Bepeaters, Hughes, Fast Speed, Duplex and Single, Forked: Quad- 
mplex, Forked Quadruplex, Split Quadruplex, and Side Belayed. — Submarine Tele- 
graphy.- Wireless Telegraphy. —Testing: Wheatstone Bridge, Tangent Galvanometer,. 
Morning Test, Ac— Protective Devices, Ac. 



In Large 8vo. Profusely Illustrated. Ss. 6d. net. 

WIRELESS TELEGRAPHY. 

By GUSTAVE EICHHORN, Ph.D. 

Contents.— Oscillations. — Closed and Open Oscillation Sjrstems.— Coupled 
Systems.— The Coupling Compensating the Aerial Wire.— The Receiver.— 
Comparative Measurement in the Sender.— Theoretical Results and Calculations 
in respect of Sender and Receiver. — Close- and Loose-Coupled Sender and 
Receiver. — FormulsB.— The Ondameter.— Modem Apparatus and Methods of 
Working.— Conclusion.— Bibliography. — Indbx. 

"Well written . . . and combines with a good deal of description a careful 
investigation of the fundamental theoretical phenomena."- ifature. 



Eighteenth Edition. Leather, Pocket Size, with 764 pages. 8s. 6d. 

A POCKET-BOOK OF 

ELECTRICAL RULES & TABLES 

FOX THE USE OF ELECTRICIANS AND ENGINEERS, 

By JOHN MUNRO, C.E., & Prof. JAMIESON, MJnst.C.E., F.R.S.B. 

*' WoNDBRPULLV Pkxfbct. . . . Worthy of the highest commendation we can^ 
give it,"— Electrician. 



OBIFFIN'S ELEOTBIOAL P&IOE-BOOK: For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c. Editedby H.J. Dowsing. Second Edition. 8s. 6d. 



ELECTRIC SMELTING AND REFINING. By Dr. W. Bobchbrs 
and W. G. McMillan. [See page 67. 

KLEC PRO -METALLURGY, A Treatise on. By Walter G. 
McMillan, P.I.C., F.C.S. [See page 67. 

ELECTRICAL PRACTICE IN COLLIERIES. By D. Burns, M.E., 
M. Inst. M. E. [See page 56. 

LOHDOM: CHARLES GRIFFIN ft CO.. IIMITED. EXETER STREET, STRAND, 
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By PROFESSORS J, H. POYNTING ft J. J. THOMSON. 

In Five Yolames. Large 8vo. Sold Separately. 

A TEXT-BOOK OF PHYSICS. 

J. H. POYNTING, J. J. THOMSON, 

SCD., V.K.B.I A2n> ^'^'* '-l^S'i 

uAte FeUow of Trinity Oolleffe, Oambridge; Fellow of Trinity College, Oambridge; Prof. 

Professor of Physics. BmninghAm of Bzperimental Physics in the Univeratty 

University. of Cambridge. 



Introductory Volume. Fourth Edition, Revised. Fully Illustrated. 

10s. 6d. 

PROPERIE^IES OF lyiJLlE^rrER. 

OoHTBHTB. — Gravitation. — The Acceleration of Gravity. — Elasticity.— Stresses and 
Strains.— TorBion.^Bending of Bods.— Spiral Springs.— Collision.— Compressibility of 
Liquids.— Pressures and Volnmes of Gases.— Thermal Effects Accompanying Strain.- 
Capillarity. —Surface Tension.- Laplace's Theory of Capillarity.— Diffusion of Liquids — 
Dlffuion of Gases.— Viscosity of Liquids.— Index. 

" Students of physics cannot fail to derive benefit from the book."— Xnototedae. 

"We regard this book as quite indispensable not merely to teachers but to physicists of every 

ade above the lowest."— UniversUy Correapondent. 



Volume II. Fourth Edition. Folly IHustrated. Price Ss. 6d 

S O U 1^ s. 

OoHTBOTS.— The Nature of Sound and its chief Characteristics.— The /eloolty of Sound 
in Air and other Media.— Reflection and Befraction of Sound.— Frequencv and Pitch of 
Notes.— Besonance and Forced OscillationB.— Analysis of YibrationB.— The Transverse 
VihrationB of Stretched Strings or Wires.— Pipes and other Air Cavittes.— Bods.— Plates. 
—Membranes.— Vibrations maintained by Heat.— Sensitive Flames and Jets.— Musical 
Band.— The Superposition of Wavas.— Index. 

"The work . . . maybe recommended to anyone desirous of possessing an east 
UF^o-DATS Stakdabd TiuBikTiSE ou Acoustlcs.**— 24<€raftire. 

" Very clearly written. . . . The names of the authors are a guarantee of the 
soiBNTmo AOODBAOT audup-TO DATS OHA&AOTXB of the work."— jPdMeationo; Times. 



Volume HI. Second Edition, Revised. Fully Illustrated. Price 15s. 

Contents. — Temperature. — Expansion of Solids. — Liquids. — Oases. — Circulation 
and Convection.— Quantity of Heat; Specific Heat.— Conductivity.— Forms of Energy; 
Conservation; Mechanical Equivalent of Heat.— The Kinetic Theory.— Change of State; 
Liquid Vapour. — Critical Points. — Solids and Liquids. — Atmospheric Conditions.— 
Badiation.— Theory of Exchanges.— Badiation and Temperature.— Thermodynamics.— 
Isothermal and Adiabatic Changes.— Thermodynamics of Changes of State, and Solu- 
tions.— Thermodynamics of Badiation.— Index. 

" Well up-to-date, and extremely clear and exact throughout. ... As clear as 
it would be possible to make such a text-book "—Nature. 

Remainiug Volumes iu Preparation — 
LIGHT; MAGNETISM AND ELECTBICITY. 



THE MEAN DENSITY OF THE EARTH : An Essay to which the 
Adams Prize was adjudged in 1893 in the University of Cambridge. By J. H. 
POYNTING, ScD., F.B.S., Late Fellow of Trinity College, Cambridge; Professor of 
Physics, Birmingham University. In Large 8vo, with Bibliography, Illustrations in 
the Text, and Seven Lithographed Plates. 12s. 6d. 
'* Cannot fail to be of qebat and qbneral inteebst.*'— ^tAenojum. 

LONDON: CHARLES GRIFFIN & CO. LIMITED. EXETER STREET, STRAND. 
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M Open Air Studies, . 
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Food Supply, . 
Ore and Stone Mining, . 
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Elementary „ 
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Mine Air, Investigation of. 
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Cyanide Process, . 
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Demy 8vo, Handsome cloth, 348' 

StratigrapMcal Geology & Palsontolog;, 

OJV TSe BASIS OF PHILLIPS. 
ByROBERT ETHERIDGE, F.R.S., 

JF THB NATURAL HIST. DBPARTMBMT. BRITISH. MUSBUM, LATB PALiBONTOLOGIST TO TRB 

GBOLOGICAI. SURVBY OF GRBAT BRITAIN. PAST PRBSIDBNT OF THB 

CBOLOGICAL SOCIBTY. BTC. 

THAitb Aap» Vtumetoua ;rable0» anb Zhiiti^it plate0» 

** No such compendium of geological knowledge has ever been brought together befinre."— 
WesimtMsttr Rndtw. 

** If Prop. Srblby's volume was remaricable for its originality and the breadth of its views, 
lir. Ethbridgb fully justifies the assertion made in his preface that his book differs in coBr 
struction and detail from any known manual . . . Must take high rank among works 
OP VSWBBXSC^^'—Atfufugum. 



AIDS IN 

PRACTICAL GEOLOGY! 

HriTH A SECTION ON PALMONTOLOGY. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

Fifth Edition, Thoroughly Revised. With Frontispiece and 
Illustrations. Cloth. los. 6d. 

aENEBAL OONTBNT&— 
PART I.— Sampling of the Earth's Crust. 
PART II.— Examination of Minerals. 
PART III.— Examination of Rocks. 
PART IV.— Examination of Fossils. 
"Dbsbrving OF THB HIGHEST PRAiSB. Here indeed are 'Aids' innumbrabub and 
jNVALtJABLB. All the directions are given with the utmost clearness and inecision.*— 
Alkeruntm. „ , « . 

"That the work deserves its title, that it is fuU of * Aids/ and in the highest degree 
PRACTICAL,' will be the verdict of all who use it"— iVrt/wr*. 



An Introduction to Geologry Out-of-doors. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

For details, see Griffin's Introductory Science Series, p. 85. 



Crown ^0, Handsome Cloth, 2s, 6d. 
RESEABGHES ON THE PAST AND PRESENT HISTOBT 

of 

THE EARTH'S ATMOSPHERE. 

Including the latest Diacouen'es and their Practical Applications, 

By dr. THOMAS LAMB PHIPSON. 

Part I. — The Earth's Atmosphere in Remote Geological Periods. 
Part II. — The Atmosphere of our present period. Appendices; Index. 

"The book should prove of interest to general readers, as well as to meteorologists and 
•other students of science." — Nature. 

lONDOH: CHARLES GRIFFIN « CO., LIMITED. EXETER STREET. STRAND. 
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GRirnyS * NEW LAND^^ SERIES^ 

Prctctical Rand-Books for the Use of Prospectors, Explorers, 

Settlers, Colonists, and all Interested in the opening 

up and Development of New Lands. 

Editbd by GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 

Professor of Geology in the Royal College of Science for Ireland, and Examiner in 

the University of London. 



In Grovm 8vo, Handsome Cloth, 5& 
With Numerous Maps Specially Dratvn and Executed for this Work. 

NEW LANDS! 

THEIB BESOUBCES AND FBOSFECTIVB 
ADVANTAGES. 

By HUGH ROBERT MILL, D.Sc, LL.D., F.R.S.E., 

'^A want admirably supplied. . . . Has the advantage of being written by a pro- 
fessed Geographer." --Oeographical J<ntmal. 



With many Engravings and Photographs. Handsome Cloth, 48. 6d. 

I^ O O D SUPPLY. 

By ROBERT BRTJOE, 

Agricultural Superintendent to the Boyal Dublin Society. 

With Appendix on Preserved Foods by C. A. MrrcHBLL, B.A., F.LO. 

" The work is one which will appeal to those intending to become farmers at home 
or in the Colonies, and who desire to obtain a general idea of the true principles of 
farming in all its branches."— i/oumaZ qf the Royal ColonitU Inst. 



Fourth Edition, Eevised. With Illustrations. Handsome Cloth, 6s. 

PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, and all 
interested in the Opening up and Development of New Lands. 

By S. HERBERT COX, Assoc.R.S.M., M.Inst.M.M., F.G.S., 
Professor of Mining at the Boyal School of Mines. 

Gbnbbal Contents.— Introduction and Hints on Geology — The Determina- 
tion of MineriJs : Use of the Blow-pipe, ftc. — Rock-forming Minerals and Non- 
Metallic Minerals of Commercial Value : Rock Salt, Borax, Marbles, litho- 
graphic Stone, Quartz and Opal, &c. , &c. — Precious Stones and Gem»->Stratified 
Deposits: Coal and Ores— Mmeral Veins and Lodes — Irregular Deposits — 
Dynamics of Lodes : Faults, ftc. — Alluvial Deposits — Noble Metals : Grold, 
Platinum, Silver, &c.— Lead — Mercury— Copper — ^Tin— Zinc— L?on— Nickel, 
&C. — Sulmiur, Antimony, Arsenic, &c. — Combustible Minerals — Petroleum- 
General Hints on Prospecting— Glossary — Index. 

"This ADMEEtABLB LITTLB WORK . . . written with 8QIBNTII10 AOOXmAOT in a 

iJLBAR and Luan> style. ... An impobtant addition to technical literature . . . 
—Mining Jowmal. 

LONDONr CHARGES GRIFFIN & CO.. LIMITED. EXETER STREET. STRAND. 
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^WOKrlCS BIT 

SIR CLEMENT LE NEVE FOSTER, D.Se., F.R.S. 

Sixth Edition. With Frontispiece and 716 Illustrations. Price 348. 

ORE & STONE MINING. 

By Sir C. LE NEVE FOSTER, D.Sc, F.R.S., 

LATE PROPBSSOR OF MINING. ROYAL COLLBGB OF SCIENCE. 

Revised, and brought up-to-date 
By BENNETT H. BROUGH, F.G.S., Assoc.R.S.M. 

GENERAL CONTENTS. 

INTRODUCTION. Mode of Oeeuppenee of Minepals.—Ppospeetinff.— Boring. 
— Breakinfir Ground.— Supporting Excavations. — Exploitation.— Haulafire or 
Transport.— Hoistinsr or Windinsr.— Drainage. — Ventilation. — Lifirhtlnfir.— 
Descent and Aseent.—Dressinfir— Principles oiBmployment of Mining Labour* 
—Legislation alTecting Mines and Quarries. — Condition of the Miner.— 
Aeeidents.— Index. ' 

"We have seldom had the pleasure to review a work so thorough and complete as 
the present one. Both in manner and in matter it is far superior to anything on 

ITS SPKCIAL SUBJECT HITHERTO PUBLISHED IN ENGLAND."— J.tAe7MBUm. 

" Not only is this work the acknowledged text-book on metal mining in Great Britain 
amd the Colonies, but that it is so regarded in the United States of America is evidenced 
by the fact that it is the book on that subject recommended to the students in most of 
the mining schools of that country."— 2'Ae Times. 



In Crown 8vo. Handsome Cloth. With nearly 300 Illustrations, many of 
them being full page reproductions of views of great interest. Price 7b. 6d. net. 

THE ELEMENTS OF MINING AND QUARRYING. 

An Introductory Text-Book for Mining Students, 
By Sir C. LE NEVE FOSTER, D.Sc, F.R.S., 

Late Professor of Mining at the Boyal College of Science. 
^.General Contents. — Introduction. — Occurrence of Minerals. — Pro- 
gpecting.— Boring.— Breaking Ground. — Supporting Excavations. — Exploita- 
tion. — Haulage or Transport. — Hoisting or Winding.— Drainage. — Ventilation. 
— Lighting. — Descent and Ascent. —Dressing, &c.— Index. 

" A remarkably clear survey of the whole field of mining operations."— £9i^t7t«er. 

<< Barely does it fall to the lot of a reviewer to have to accord such unqualified praise as 
this book deserves. . . . The profession generally have every reason to be grateful to 
Sir G. Le Neve Foster for having enriched educational literature with so admirable an 
elementary Text-book."— if ininjir JourruU. 



In Large Crown 8vo. Fully Illustrated. 6s. net. 

THE INVESTIGATION OF MINE AIR: 

An Account by Several Autfiora of the Nature, Significance, and Practical 

Metttoda of Measurement of the impurities met with in the 

Air of Collieries and Metalliferous Mines. 

edited by 

Sir clement LE NEVE FOSTER, D.Sc, F.R.S., 

And J. S. HALDANE, M.D., F.R.S. 

'• We know of nothing essential that has been omitted. The book is liberally supplied 
with illustrations of apparatus." — Colliery Guardian. 
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WORKS ON MINING. $$. 

WORKS ON COAL^iV^^N^NG■ 

Fifth Edition, Revised and Greatly Enlarged. With 4 Plates and 
690 Illustrations. Price 248. net. 

A TEXT-BOOK OF COAL-MINING: 

FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN COAL-MINING. 

By HERBERT WILLIAM HUGHES, F.G.S., 

Assoc. Royal School of Mines, General Manager of Sand well Park Oolliery. 

Genbbal Contents. — Geology. — Search for CoaL — Breaking Ground. — 
Sinking. — Preliminary Operations. — Methods of Working. — Haulage. — 
Winding.— Pumping.— Ventilation.— Lighting.— Works at Surface. —Pre- 
paration of Coal for Market.— Index. 

" Quite THB BBSS BOOK of its kind . . . as pbactical in aim as a book can be . . . The 
illastrations are bxcbilbnt."— ^(A«ncBum. 
** We cordially recommend the ■work."— OoUiery Qtuardian, 
*' Will soon come to be regarded as the standabd wobe of its kind."— Birmingham DaUy Gazette. 



Foubth Edition, Thoroughly Revised and Greatly Enlarged. Re-set 
throughout. Large Crown 8vo. Handsome Cloth. 12s. 6d 

PRACTICAL COAL-MINING! 

L MANUAL FOB MANAGERS, UNDEB-MANAGEBS, 
GOLLIEBY ENGINEEB8, AND OTHBBS. 

With Worked'Out Problems on Haidage, Ptmiping, Ventilation^ tbe. 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

Contbnts.- The Sources and Nature of Coal.— The Search for CoaL— 
Sinking. — Explosives. — Mechanical Wedges. — Rock Drills and Coal-cuttins 
Machines. — Coal-cutting by Machinery.— -Transmission of Power. — Modes ot 
Working;. — Timbering Roadways. —Winding Coal. — Haulage. — Pumping. — 
Ventilation. — Safety Lamps.— Surface Arrangements, Surveying, Levelhng,. 
&c. 

"An BB8BNTIALLT PBACTICAL woBK, and Can be confidently recommended. No department 
of Goal-Mining has been overlooked."— .Bnflfineerc' Oaaettt. 



In Crown 8vo. Handsome Cloth. With 200 Illustrations. 38. 6d. 

ELEMENTARY COAL-MINING s 

FOE THE USE OP STUDENTS, MINflBS, AND OTHEBS 
PBEPABING FOB EXAMINATIONS. 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

Contents. — Sources and Nature of Coal.— Exploration and Boring for 
Coal.— Breaking Ground.— Explosives. Blasting, &;c.— Sinkiup; and Fitting^ 
of Shafts. — Modes of Working. —Timbering Roadways.— Winding aud 
Drawing.— Haulage.— Pumping and Drainage.— Ventilation. — Cleaning and 
Sorting Coal.— Surveying, &c. 

**Att abundance of information conveyed in a popular and attractive form. . . . Will be 
of great use to all who are in any way interested in coal mining."— Scottish Oritio. 

lONDOM: CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRAW 
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Thirteenth Edition, Revised. With Numerotts Diagrams. 
Cloth, 7S. 6d. 

A TREATISE ON MINE-SURVEYING: 

For the use of Mcmagen of Minea and Qollieriea^ Students 
at the Royal School of Mines, do. 

By BENNETT H. BROUGH, Assoc.R.S-M., F.G.S., 

Fonnerly Instructor of Mine-Surveying, Royal School of Mines. 

Contents. — General Explanations. — Measurement of Distances. — Miners 
DiaL— Variation of the Magnetic Needle. — Surveying with the Magnetic Needle 
in the Presence of Iron. — Surveying with the Fixed Needle. — The German DiaL — 
The Theodolite.— Traversing Undei^ground.— Surface Surveys with the Theodo- 
lite—Plotting the Survey. — Calculation of Areas. — Levelling. — Connection of the 
Underground and Surface Surveys. — Measuring Distances by Telescope. — Setting- 
out— Mine-Surveying Problems. — Mine Plans. — Application of the Magnetic 
Needle in Mining. —Photographic Surveys.— Appendices. — Index. 

" Its CLEARNESS of STYLE, LUCIDITY of DBSCRIPTION, and FULNESS of DETAIL have loUT ago WOO 

(or it a place uniqae in the literature of this branch of mining engineering, and the present emtioo fbUy 
maintains the high standard of its predecessors. To the student, and to the mining engineer alike, ITS 
VALUE is inestimable. The illustrations are excellent"— T/u Mintmr youmal. 



Second Edition, Revised. Crown 8vo. Handsome Cloth. Illustrated. 68. 

MINING GEOLOGY. 

A TEXT-BOOK FOR MININO STUDENTS AND MINERS. 

By PROF. JAMES PARK, F.G.S., M.Inst.M.M., 
FrofeBsor of Mining and Director of the Otago University School of Mines ; late Director 
Thames School of Mines, and Geological Surveyor and Mining Geologist to the 
Government or New Zealand 

Gbhsral Contbnts.— Introduction.— Classification of Mineral Deposits.— Ore Veins, 
their Filling, Age, and Structure. —The Dynamics of Lodes and Beds. —Ore Deposits 
Ctonetically Considered— Ores and Minerals Considered Economically.— Mine Sampling 
and Ore Valuation.— The Examination and Valuation of Mines.— Index. 

"A work which should find a plade in the library of every mining engineer."— 
Mining World. 



Second Edition. In Grown Sw. Handsome Cloth, With 30 New 
Illustrations, Is, 6d net, 

ELECTRICAL PRACTICE IN COLLIERIES. 

By D. burns, M.E., M.Inst.M.E., 

Oertiflcated Colliery Manager, and Lecturer on Mining and Geology to the Glasgow and West of 
Scotland Technical College. 

Units of Measnrement, Conductors, &c.— The Theory of the Dynamo.— The 
Dynamo, Details of Construction and Working. —Motors. —Lighting Installa- 
tions in Collieries. — Pumping by Electricity. — Electrical Haulage. — Coal 
Cutting. — Miscellaneous Applications of Electricity in Mines. — Coal Midas 
Regulation Act (Electricity).— Index. 

"A clear and concise introduction to electrical practice in coUierieB.'*— ifinini^ 
JowmdL 

LONDON : CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRAND. 



W0BK8 ON MINING. $1 



WOBES FOB MINEBS AND STUDENTS. 



In Crown 8vo, Handsome Cloth. Ss. 6d. net. 

MIHING LAW OF THE BRITISH EMPIRE. 

By CHARLES J. ALFORD, F.G.S., M.In8t.M.M. 

Contents.— The Principles of Mining Law. —The Mining Law of Great 
Britain.— British India.— Ceylon.— Burma.— The Malay Peninsula— British 
North Borneo.— Egypt. — Cyprus. — The Dominion of Canada. — British 
Guiana.— The Gold Coast Colony and Ashanti.— Cape of Good Hope.— 
Natal. — Orange River Colony. — Transvaal Colony. — Rhodesia. — The 
Commonwealth of Australia.— If ew Zealand, &c.— Index. * 

" Sbould be specially useful to all those engaged in the direction of mining enter 
prises."— i^TUincta; Times. 

*< Cannot fail to be useful ... we cordially recommend the book."— Jftntfi^ World 



In Large Sro. Fourth Edition. Price 10«. 6d. 

Mine Accounts and Mining Bool^-Keeping. 

For Students, Managers, Secretaries, and others. 
With Examples taken from Actual Practice of Leading Companies, 

By JAMES GUNSON LAWN, A.R.S.M., A.M.Iiist.C.E., P.G.S., 

Head of the If inlng Department, Camborne School of Mines. 

EDrm> BY Sra C. LE NEVE FOSTER, D.Sc, F.R.S. 

Contents.— Introduction.— Part I. Enoagbhent and Payment of Wobk- 
MXN. — Engagement of Workmen and Period between Pav Days. — Data 
determining Gross Amount due to Men. — Deductions. —Pay Sheets, Due Bills. 
—Pay Tickets. Part II. Purchases and Sales.— Purchase and Distribution 
of Stores. — Sales of Product. Part III. Working Summaries and Analysu. 
—Summaries of Minerals Raised, Dressed, and Sold, and of Labour. — Analyses 
of Costs.— Accounts forwarded to Head Office. Part IV. Ledger, Balance- 
Sheet, and Company Books.— Head Office Books.— Redeniption of Capital 
—General Considerations and Companies Books. Part V. Reports and 
Statistics. — Reports of Workings and Machinery of Mining Companies. — 
Mining Statistics.— Bibliography.— Index. 

**It seems 1XPO68IBI.S to suggest how Mr. LAWi!r*B book could be made more ooKFLsra or 
more valuabls, careftU, and exhaxatiYe.''— Accountants* Magatint. 



Second Edition. In Pocket Size, Strongly Bound in Leather, 3s. 6d. 
Provided with Detachable Blank Pages for MS. 

THE MINING:1ENGINEERS' REPORT BOOK 

AND DIRECTORS' AND SHAREHOLDERS' GUIDE TO MINING REPORTS. 

f ' By EDWIN R. FIELD, M.Inst.M.M. 

With Notes on the Valuation of Property^ and Tabulating Reports, 
Useful Tables, and Examples of Calculations, dc, 

''An AD KniABL Y compiled book which Mining Engineers and Managers will find 

■ZXREMBLY vaiUfVh,"— Mining Journal. 

LONDON: CHARLES GRIFFIN i CO.. LIMITED. EXETEB STREET. STRAND, 
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*woBss ON sxiTsiNa, azFLOSzvBS, eto. 

In Medium 8vo, Handsom© Cloth. With 18 Figures in the Text, 
and 19 Folding Plates. 10s. 6d. net. 

SHAFT-SINKING 

By J. RIEMER, 

Translated from the German 

|J. W. BROUGH, A.M.INST.C.E. 

Contents.— Shaft Sinking by Hand.— Shaft Sinking by Boring.— The 
Freezing Method.— The Sinking Drum Process.— Bibliography.— -Index. 

*'The translater desenres the thanks of the mining comicanity for placing this 
yalnable work before them. . . . The work is one which every mining engineer 
should include in his library."— Jftntn^ World, 



Sboond Edition, Revised. In LArge Svo, with Numerous Ulustrationa 
'and Folding Plates. lOs. 6d. 

BLASTING! 

AND THE USE OF EXPLOSIVES. 

By OSOAR GUTTMANN, M.Inst.O.E., F.I.C, F.C.S. 

Contents. — Historical Sketch. — Blasting Materials. — Qualities and 
Handling of Elxplosives. — ^The Choice of Blasting Materials. — Preparation 
of Blasts. — Chamber Mines.— Charging of Boreholes. — Determination of 
Charge. — ^Blasting in Boreholes. —Firing. — Results of Working. — Various 
Blasting Operations. — Index. 

" Should Drove a vadetfucum to Mining Engineers and all engaged in practical work.* 
-'lr0M and Coal Trades Review. 



In Medium 8vo, Cloth. With many Illustrations in the Text 
Four Full Page Plates and Four Folding Tables. 6s. net. 

NEW METHODS OP 

TESTING EXPLOSIVES. 

By 0. E. BICHEL. 

Translated from the German and EIdited 

By axel LARSEN, M.Inst.O.E. 

Contents. — Introductory. — HistoricaL — Testing Stations. — Power 
Qauges. — Products of Combustion. — Rate of Detonation. — Length and 
Duration of Flame.— Afber-Flame Ratio.— Transmission of Explosion.-— 
Conclusions. — Efficiency. 

"Its pages bristle with suggestions and actual experimental results to an extent 
seldom found in a volume of Ave times its size."— jimM and Explosives. 

LONDON: CHARLES GRIFFIN 1 CO.. LIMITED. EXETER STREET. STRANa 
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Second Edition, Revised Throughout, In Medium 8w. With 
Numerous Plates^ Maps, and Illustrations, 21«. net, 

GYANIDING GOLD & SILVER ORES. 

A Practical Treatise on tlie Cyanide Process ; its Application, 

Methods of Working, Design and Construction of 

Plant, and Costs. 

By H. FORBES JULIAN, 

Mining and Metallurgical Engineer ; Specialist in Gold : Late Technical Adviser of tlie 
Deutsclie Gold und Silber Scheide Anstalt, Frankfort-on-Maine. 

And EDGAR SMART, A.M.LO.E., 

Olvil and Metallurgical Engineer. 

" A handsome volume of 400 pages which will be a valuable book of reference for all 
associated with the process."— Jftmn^ir Journal. 

"The authors are to be congratulated upon the production of what should prove to be 
a standard work."— Pagrc's Mcbgaziine. 



In Large Crown 8vo. With 13 Plates and many Illustrations in the Text. 
Handsome Cloth. *Js, M, net, 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Book for the Use of Metaiiurgiats and Students at 

Schools of Mines, do. 

By JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of Mining and Director of the Otago University School of Mines ; late Director 

Thames fikOiool of Mines, and Geological Surveyor and Mining Geologist 

to the Government of New Zealand. 

Fourth English Edition. Thoroughly Revised and Greatly Enlarged. 
With additional details concerning the Siemens-Halske and other 
recent processes. 
<' Deserves to be ranked as amongst the best of exibtino TR^ATiSBa"— Mining Jowmal, 

Thibd Edition, Revised. With Plates and Illustrations, Cloth, Ss, M, 

GETTING GOLD: 

A OOIiD-MININO HANDBOOK FOR PRACTICAL. MEN. 

By J. 0. F. JOHNSON, F.G.S., A.I.M.E., 

Life Member Australasiftn Mine-Managers' Assooiatioa 
General Contents.— Introductory : Prospecting (Alluvial and General)— 
Lode or Reef Prospecting — G^nesiology of Grold— Auriferous Lodes — Drifts— 
Gold Extraction — Lixiviation — Calcination— Motor Power and its Transmission 
—Company Formation — Mining Appliances and Methods — Australasian 
ICining Regulations. 

" Pbaohoal from b^:inning to end . . . deals thoroughly with the Prospecting, 
Sinking, Crushing, and Extraction of gold."— Brit. AustrdUtstan. 



In Crown Svo, Illustrated, Fancy Cloth Boards. 48. 6d, 

GOLD SEEKING IN SOUTH AFRICA: 

A Handbook of Hints for intending Explorers, Prospectors. 

and Settlers. 

By THEO KASSNER, 

Mine Manager, Author of the Geological Slcetch Map of the Be Kaap Gold Fields. 

With a Chapter on the Agricultural Prospects of South Africa. 

** As fascinating as anything ever penned by Jules Y erne.'* —African Commerce. 

LONDON : CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRANH 
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Large 8vo. Handsome Cloth. With IllustratioiiB. 
128. 6d. net. 

METALLURGICAL ANALYSIS & ASSAYING: 

A THRBE YBARS' COURSB 

FOR STUDENTS OF SCHOOLS OF MINES. 

By W. a. MACLEOD, B.A., B.Sa, A.O.S.M. (N.Z.), 

Formerly ABalBt-Director, Thames School of Ifines (N.Z.). and Lecturer in Ohemistry, Unirersitr 
•f Tasmania ; Director of Queensland Gtovemment School of Mines, Oharters Towers ; .•; 

And CHAS. WALKER, P.C.S., 

aonstrator in Chemistry, Sydney Univen " 
and Metallurgy, Charters Towers School o 

Part I. — Qoalitative Analysis and Preparation and Properties of Gases. 
Past II.— Qnalitative and Quantitative Analysis. Part III. — Assaying, 
Technical Analysis (Gas, Water, Faels, Oils, &c. ). 

"The publication of this volume tends to prove that the teaching of metallurgical 
analysis and assaying in Australia rests in competent hands."— JVoture. 



Formerly Assis(.-Demon8trator in Chemistry, Sydney University ; Lecturer in Chemistry 



In Crown 8vo, Beautifully Illustrated with nearly 100 
Microphotographs of Steel, &c. 7s. 6d. net. 

MICROSCOPIC ANALYSIS OF METALS. 

By FLORIS OSMOND & J. E. STEAD, F.R.S., F.LC. 

Contents.— Metallography considered as a method of Assay. — Micro- 
graphic Analysis of Carbon Steels.— Preparation of Specimens.— Polishing. 
— Constituents of Steel; Ferrite; Cementite; Pearlite; Sorbite; Martensite: 
Hardenite ; Troostite ; Austenite. — Identification of Constituents.— DetaUed 
Examination of Carbon Steels. — Conclusions, Theoretical and Practical.— 
Apparatus employed.— Appendix. 

" There has been no work previously published in English calculated to be so useful to 
the student in metallographlc research."— Iron and Steel Trades' Journal. 



Third Edition. With Folding Plates and Many Illustrations. 36s. 
ElLiEliaCElSr'X'S OS" 

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 

FROM THEIR ORES. 

By J. ARTHUR PHILLIPS, M.Inst.O.E., F.C.S., F.G.S., &c. 

And H. BAUERMAN, V.P.G.S. 

GKNEIIA.L Contents. — Refractory Materials.— Fire-Clays. — Fuels, &a— 
Aluminium. — Copper. — Tin. — Antimony. — Arsenic. — Zinc. — Mercury. — 
Bismuth. —Lead. —Iron, —Cobalt. — JSTickeL —Silver, —Gold. —Platinum. 

" Of the Third Edition, we are still able to say that, as a Text-book of 
Metallurgy, it is the best with which we are acquainted.''— ^n^ineer. 

" A work which is equally valuable to the Student as a Text-book, and to the 
practical Smelter as a Standard Work of Reference. . . . The Illustratioiis 
are admirable examples of Wood Engraving.**— 0%emica^ News. 

LONDON: CHARLES GRIFFIN « CO.. LIMITED, EXETER STREET. STRAND 



MWTALLURGIOAL WORKS, 6f 

8B00NB Edition, Revised, JSnlarged, and Re-set Throughout on Larger Page.. 

With Valuable Bibliography, New Maps, IllustraiionSj dsc. 4&», net, 

TVf v^iiiro ^irouunsBss. 

A TREA TISE ON 

By sir BOVERTO^f REDWOOD, 

D.Sc., F.B.S.E., AssoalNST.O.E., F.LG. 

Contents.— Section I.: Historical Account of the Petroleum Industry.— Ssotion II.: 
Ctooloffical and (Geographical Distribution of Petroleum and Natural Gas.— Section III.: 
The Chemical and Physical Properties of Petroleum and Natural Gas. -Section IV. : 
The Origin of Petroleum and Natural Gas.— Section V.: The Production of Petroleum, 
Natural Gas. and Ozokerite.— Section VI.: The defining of Petroleum.— Section VII.: 
The Shale Oil and Allied Industries.— Section VIII. : llie Transport, Storage, and Dis- 
tribution of Petroleum.— Section IX. : The Testing of Crude Petroleimi, Petroleum and 
Shale Oil Products, Ozokerite, and Asphalt.— Section X. : The Uses of Petroleum and 
its Products.— Section XL : Statutory. Municipal, and other Regulations relating to 
the Testing, Storage, Transport, and Use of Petroleum and its Products.— Appendices. 
—BiBLioaRAPHY.— Index. 

"It is indisputably the most comprehensive and complete treatise on petroleum, and this 
statement is tame, no matter on what branch of the industry a test of its merits is made. It is 
the only book in existence which gives the oU man a clear and reliable outline of the growth and 
present-day condition of the entire petroleum world. . . . There is a wonderfully complete 
cellection of plates and illustrations.*^— P«(ro{«uin World. 



Second Edition, Revised, With Illustrations, Price Ss, ^. net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM AGTS, 

And fop those encased in the Stopase, Tpanspopt, Distribution, and Industrial 

Use of Petpoleum and its Fpoduets, ana of Calcium Capbide. With 

suflTsestions on the Constpuetion and Use of Minepal Oil Lamps. 

By captain J. H. THOMSON, 

H.M. Chief Inspector of Explosives, 

And sir BOVERTON REDWOOD, 
Author of " A Treatise on Petroleum." 
" A volume that will enrich the world's petroleum literature, and render a service to the 
British branch of the industry. . . . Beliable, indispensable, a brilliant contribution."— 



In Crown 8vo. Fully Illustrated. 28. 6d. net. 

THE LABORATORY BOOK OF MIHERAL OIL TESTING. 

By J. A. HICKS, 

Chemist to Sir Boverton Redwood. 
Should be on the shelves of every analytical chemist in practice."— C^emi'cal Trade Journal. 

In Large Crown 8vo, Cloth. Fully Illustrated 5s. net. 

O I ILi F XJ S ILi: 

ITS SUPPLY, GOlffPOSITION, AND APPLIOATION. 
By SIDNEY H. NORTH, 

LATE EDITOR OF THE "PETROLEUM REVIEW." 

Contents.— The Sources of Supply.— Economic Aspect of Liquid Fuel.— Chemical 
Composition of Fuel Oils.— Conditions of Combustion in Oil Fuel Furnaces.— Early 
Methods and Experiments.— Modem Burners and Methods.— Oil Fuel for Marine Pur* 
poses.— For Naval Purposes.— On Locomotives.— For Metallurgical and other Purposes. 
—Appendices. —Index. 

" Everyone interested in this important question will welcome Mr. North's excellent 
text-book."— 3ratM«. 

THB PBTROLBUM LAMP: Its Choice and Use. A Guide 
to the Safe Employment of the Paraffin Lamp. By Capt. J. H. 
Thomson and Sir Boverton Redwood. Illastrated. Is. net. 
••A work which will meet every purpose for which it has been written.''-Pe(roIei<m. 
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STANDARD WORKS OF REFERENCE 

FOR 

Metallurgists, Mine-Owners, Assayers, Manufacturers, 

and all interested in the development of 

the Metallurgical Industries. 

EDITED BT 
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IHTBODUGTION to the STUDY of METAIiLUBGY. 

By the Editoe. Sixth Edition. (See p. 63.) 

•GOLD (The Metallurgy of). By Thos. Kirke Ross, 

D.Sc, Assoc R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mmt. Fifth Edition. 21s. (Seep. 63.) 

IiBAD AND SILVER (The MetaUurgy of). By H. F. 

Collins, Assoc R.S.M., M.InstM.M. Part I., Lead, i6s; Part 
XL, Silver, i6s. (See p. 64.) 

IB OH (The MetaUurgy of). By T. Turner, A.R.S.M., 
F.I.C., F.CS. Third Edition, Revised. 168. net. (See p. 65.) 

«TBEL (The Metallurgy of). By F. W. Harbord, 
Assoc R.S.M., F.I.C., with a Section on Mechanical Treatment by 
J. W. Hall, A.M.Inst.C.E. Third Edition. 25s. net. (See 
p. 65.) 

WiU bt Published at Short InitrtfoU. 

MBTAIiLUBGhlCAL MAGHINEBY : the Application of 
Engineering to Metallurgical Problems. By Henry Charles Jenkins, 
Wh.Sc., ASSOC.R.S.M., Assoc. M. Inst. C.E., of the Royal College of 
Science. (See p. 64). 

COPPER (The Metallurgy of). By Thos. C. Cloud, Assoc. 
R.S.M. 

AUiOYS. By Edward T. Law, Assoc.R.S.M. 
*<,* Other Volumes in Preparation. 
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QBIFFIN'S METAXiIiUBQIGAL SERIES. 



Sixth Edition, thoroughly Revised and considerably Enlarged. Large 

8vo, with numerous Illustrations and Micro-Photographic 

Plates of different varieties of Steel. 

An Introduetion to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M., 

Late Chemist and Assayer of tbe Royal Mint, and Professor of Metallurgy 
in the Royal College <^ Science. 

Gbnbsal Contbnts.— The Relation of Metallurgy to Chemismr.— Physical Properties 
of Meta]s.-r-Alloys. The Thermal Treatment of Metals.— Fuel and Thermal Measuremente. 
— Materials and Products of MetaUuraical Processes. — Furnaces. — Means of Supplying Air 
to Furnaces.— Thermo- Chemistry.— laical Metallurgical Processes.— The Micro-Structure 
of Metals and Alloys. — Economic Considerations. 

*' No English text-book at all approaches this in the complbtbnbss with 
which the most modem views on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only to tne student, but also to those whose 
knowledge of the art is far advanced."— -CA^Mtca/ News, 



FuTH Edition, Revised, Considerably Enlarged, and in part Re-written. 
With Frontispiece and numerous Illustrations. 21b. 

THE METALLURGY OF GOLD. 



T. KIRKE ROSE, D.ScLond., Assoc.R.S.M.. 

Chemist and Awayer qf the Royal Mint. 

Obnbral Contbnts.— The Properties of Gold and iU Alloys.— Chemistry of the 
Compounds of Gold.— Mode of Occurrence and Distribution of Gold.— Shallow Placer 
Deposits.- Deep Placer Deposits.— Quartz Cnuhing in the Stamp Battery.— Amalgam- 
ation in the Stamp Battery.— Other Forms of Cmuiing and Amalgamating Machinery. 
-Concentration in Gk)ld Mills.— Dry Crushing.- Be-grinding.— Boasting.- Chlorinatlon: 
The Plattner Process, The Barrel Process, The vat-Solution Process.- The Cyanide 
Process.— Chemistry of the Cyanide Process.— Beflning and Parting of Gold Bullion. 
—Assay of Gold Ores.— Assay of Gold Bullion.- Statistics of Gold Production.— Biblio- 
-raphy.- Index. 

** A ooMFmssBHSivs PRAOTIOAL iBSATiss ou this Important subject"— 2%< Timtt. 

"The MOST ooMFLBTB doBOTiption of the ohlobotatioh fkocbss which has yet been pub- 
lished."- Jfinln^ Jowndl. 

"Adapted for all who are interested in the Gold Mining Indnstry, being free from teoh- 
BlceUties as far as possible, but is more partioalarly of value to those engaged in the 
Industry.*'— C!ave Timu. 
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QBIFFIN'S METAIiIiUBGIGAIi SEBIEB. 

Bditbd by sir W. ROBERTS-AUSTEN, K.C.R, F.R.S., D.C.L. 
In Large 8vo, Handsome Cloth. With Illustrations, 



In Two Volames, Each Complete in Itself and Sold Separately. 

THE METALLURGY OF LEAD AND SILVER. 

By H. F. COLLINS, AssoaR.S.M., M.IireT.M.M. 

Pax-t I.— ILi £ A I> : 

A Gomijlete and Exhaustive Treatise on the Manu&cture of Lead, 
with Sections on Smelting and Desilverisation, and Chapters on the 
Assay and Analysis of the Materials involved. Price i6s. 

SUMMABT or CONTBNTS.— flampling and Aaaaying Lesd and Silyer.— Fropertiai and 
Ckxnpoimds of Lead.— Lead Ore8.->Leaa Smelting.— Beverberatories.— Lead Smelting in 
Hearths.— The Boasting of Lead Ores.— Blast Fiunace Smelting ; Principles, Fnustioe» 
and Examples; Products.— Flue Dust, its Ciompoaition Collection and Treatment.— 
Costs and Losses, Purchase of Ores.— Treatment of Zinc, Lead Suli^ides, Desilyerisa^on. 
Softening and Beflning.— The Pattinson Process.— The Parkes Process.— Cupellation ana 
Beflning, dkc., Ac. 

"A THOKOUOHLT SOUND and useful digest. May with evbrt oonfidbnoi b» 
recommended."— if tmn^ Journal. 



Pa.x>t II.— SIlLiVSR. 

Comprising Details regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Manufacture, Refining of Bullion, Cost of Working, &c. Price 16s. 

SUMMABT or CONTKNT&— Properties of Silyer and its Principal Compounds.— Silver 
Ores.— The Patio Process.— The Kazo, Fondon, Krohnke, and Tina Processes.— The Pan 
Process.— Boast Amalgamation.— Treatment of Tailings and Concentration.— Betorting, 
Melting, and Assaying —Chloridising-Boasting.— The Augustin, Claudet, and Ziervoge> 
Processes.— The Hypo-Sulphite Leaching Process.— Beflning.— Matte Smelting.— PyrlUc 
Smelting.— Matte Smelting in Beverberatories.— Silyer-Gopper Smelting and Beflning.— 

INDBX. 

" The author has focussed a larqb amount of valuable information into a. 
convenient form. . . . The author has evidently considerable practical experience, 
and describes the various processes clearly and well. '—Mining Journal. 



MTAIlUR6ICAL''HAilNERT: 

Th« Applloatlon ef Engineering to Metallui^oal Prbbleme. 

By henry CHARLES JENKINS, 

Wh.8e., A1SOC.R.8M., Assoe.M.In»t.O.S. 
LONDON: GHARLES QRIFFIN « CO.. LIMITED, EXETER STREET. STRANa 
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GBIFFIN'S METAIiLUBQIOAL SERIES. 



Third Edition, Revised. With Numeroas lUustratioiis. Large 8vo. 
Handsome Cloth. 25s. net. 

With Additional Chapter on The Electric Smelting of Steel. 

THE METALLURGY OF STEEL. 

Bt F. W. HARBORD, Assoc.R.S.M., F.I.C., 

OonnUting MetallurgUt and Analytical Chemist to the Indian Oovemmentf 
Royal Indian Engineering College^ Coopers HiU, 

With 37 Plates, 280 Illustrations in the Text, and nearly 100 Micro- 
Sections of Steel, and a Section on 

THE MECHANICAL TREATMENT OF STEEL. 

By J. W. HALL, A.M.Inst.C.E. 

Abbidosd Cohtsnts.— The Plant, Machinenr, Methods and Ohemistry of the Bessemer 
and of the Ooea Hearth Processes (A6id and uisic).— The Mechanical Treatment of Steel 
comprising Mill Practice, Plant and Machinery. — The Influence of Metalloids, Heat 
Treatment, Special Steels, Biicrostmctnre, Testing, and Specifications. 

*' A work which we ventnre to commend as an invaluable compendium of information upon 
the metallurgy of steel."— /row aitd Coal Trades' Review. 

The Bnffineer says, at the conclusion of a review of this book :— " We cannot conclude without 
eamestlv recommending all who may be interested as makers or users of steelT which practically 
means the whole of the engineering profession, to make themselves acquainted with it as speedily 
as possible, and this may be the more easily done as the published price, considering the sise 
of the book, is extremely moderate." 



Third Edition, Thoroughly Revised. With over 100 Additional Pages, 
and many Plates. 16s. net. 

THE METALLURGY OF IRON. 

By THOMAS TURNER, AssocRS.M., F.I.O., 

Frofesaor of Metallurgy in the University of Birmingham. 
In Largb Svo, Handsome Cloth, With Numerous Illustbation» 

(MANY 7B0M PhOTOORAPHS). 

0§Mral (7o»^enr«.~Early History of Iron.— Modem History of Iron.— The Age of Steel. 
— Ohief Iron Ores.— Preparation of Iron Ores. —The Blast Furnace.- The Air used in the 
Blaat Furnace. — Beactions of the Blast Furnace.— The Ghiseons Products of the Blast 
Furnace —The Fuel used in the Blast Furnace.— Slags and Fuxes of Iron Smelting.— 
Properties of Oast Iron. — Foundry Practice. — Wrought Iroa — Indirect Production of 
Wrought Iron.— The Puddling Process.— Further Treatment of Wrought Iron. ~ Corrosion 
of Iron and Steel. 

" A MOST valuable SUMMARY of knowledge relating to every method and stage 
in the mannGMtnre of cast and wrought iron . . . rich in chemical details. . . . 
EzHAUsnvE and thoroughly up-to-date." — Bulletin of the American Iron 
and Steel Association. 

*' This is A dkughtful book, giving, as it does, reliable information on a subject 
becoming eyery day more elaborate.''— Co^^ierj/ Guardian. 

"A. thoroughly useful book, which brings the snbject up to date. Or 
ore AT TALUB to thoflo engaged in the iron indost^." — Mining Journal. 



%* For Professor Turner's Lectures on Iron- Founding^ see page 68. 
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^6 CHARLES GRIFFIN d» OO.'S PUBLICATIONS. 

Tenth Edition. With Tables and Illustrations. Crown 8vo. 
Cloth, los. 6d. 

A TEXT-BOOK OF ASSAYING: 

For the use of Students, Mine Managers, Asaayera, do. 
By J. J. BERINGER, F.LC, F.C.S., 

Poblic Analyst for, and Lecturer to the Mining Assodation of, Cornwall. 

And C. BERINGER, F.C.S., 

Late Chief Assayer to the Rio Tinto Copper Company, London, 

Gbnbral Contents. — Part I. — Introductory ; Manipulation : Samplinc ; 
Drying ; Calculation of Results— Laboratory-hooks and Reports. Methods : Dry Granr- 
methc; Wet Gravimetric— Volumetric Assays: Titrometnc, Colorimetric, Gascnnetrio— 
Weighing and Measuring— Reajgents— Formulae, Equations, &c. — Specific Gravity. 

Part II.— Metals : Detection and Assay of Silver, Gold, Platinum, Mercury, Coppn, 
Lead, Thallium, Bismu^ Antimony, Iron, Nickel, Cobalt, Zinc^ Cadminm, Tin, Tungtten, 
Titanium, Manganese, Chromium, &c.— Earths, Alkalies. 

Part III.— Non-Metals : Oxygen and Oxides; The Halogena— Sulphur and Sul- 
phates— Arsenic, ^osphorus. Nitrogen — Silicon, Carbon, Boron — ^Useful Tables. 

*' A xxALLV MERITORIOUS WORK, that may be safely depended upon either for systematic 
tnstrucdon or for reference."— JVo/wnr. 

"This work is one of the best of its land."— Sfi£iH*4r. 



FouBTH Edition, Revised. Handsome Cloth, With Numerous 
lUustrcUions. 6s, 

A TEXT-BOOK OF 

ELEMENTARY METALLURGY. 

Including the Author's P&AonoAL Labobatobt Coubsb. 

By a. HUMBOLDT SEXTON, F.LC, F.O.S., 
ProfiMflor of Metallurgy in the GUuigow and West ot SootUnd Teohnioal College, 

GENERAL CONTENTS.— Introduction.— Properties ot the Metals.— Gombustioii. 
— Fuels.— Befiraotory Materials.— Furnaces.— Oocurrenoe of the Metals in Nature.— 
Preparation of the Ore for the Smelter.— Metallurgioal Processes. — ^Iron.— SteeL^ 
Copper.— Lead.— Zino and Tin.— Silyer.— Geld.— Mercury. — Alloys.— Applications 
of Elbotbioitt to Metallurgy.— Labobatobt Coubsb. 

"Just the kind of work for Students coMMBHonia the study of Metal- 
<lurgy. or for Eboibbbbing Students. *'—Prac^icaZ Enffineer, 

"ExoBiiLBEiTLT got-up and WBLL-ABBABOBD."— CAemtooZ Trade Journal 



In Large 8vo. Handsome Cloth. Price 4s. 

TABLES FOR 

fiOANTITATIYE METALLURGICAL ANALYSIS. 

FOR LABORATORY USE. 

ON THE PRiNCfPLE OF "GROUP" SEPARATIONS. 

By J. JAMES MORGAN, F.G.S., M.S.OJ. 

** The Author may be gongbatulatbd on the way his work has been earried oat.*'* 
ThtBnavMer. 

"will GOMuxND iTSKLF highly In Laboratory Praotioe. Its olsabnbss and psBomoa 
mark the book out as a highly aseAil one:'— Mining Journal. 
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ELEOTRO'METALLUROT, ETO. 67 

Sboond Edition, Revised, Enlarged, and in part Re-writtezk 

With Additional Sections on Modern Theories of Electrolysis 

Costs, &c. Price 10s. 6d. 

A TREATISE ON 

ELECTRO-METALLURGY: 

Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Snr&oes and Art- Work, &c. 

BY 

WALTER G. MCMILLAN, P.LC, F.C.S., 

Stcrttwry to the Institution of Electrical Engineen; late Lecturer in MetaUwgy 
at Mason College, Birmingham. 

With numerous Illustrations. Large Grown 8vo. Cloth. 

"This excellent treatise, . . . one of the best and most oomplbtb 
manuals hitherto published on Electro-Metallurgy." — Electrical Beview, 

" This work will be a standard."— JewcZier. 

"Any metallurgical process which reduces the cost of production 
must of necessity prove of great commercial importance. . . . We 
recommend this manual to all who are interested in the pbaotioal 
appuoation of electrolytic processes.^ — Nature, 



Second Edition, Thoroughly Revised and Enlarged. In large 8vo. 
With Numerous Illustrations and Three Folding- Plates. 21s. net, 

ELECTRIC SlELTIira & REPIiri]J&: 

A Practical Manual of the Extraction and Treatment 

of Metals by Electrical Methods. 

Being the « Elektro-Metallubgie " of Db. W. BORCHERS. 

Translated from the Latest German Edition by WALTER G. M'MILLAN. 

F.LCm P.O.S. 

CONTENTS. 
Past I. — Alkalies and Alkaline Earth Metals: Magnesium^ 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Pabt II. —The Eabth Metals: Aluminium, Cerium, Tjwit>iftnTim, 
Didymium. 

Part III. — The Heavy Metals : Copper, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum,. 
Tungsten, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum 
Group. 

" GOMPBBHBNSIVB and authoritative ... not only full of valuable infor- 
kahon, but giyes evidence of a thorouqh insiqht into the technical value and 
POS8IBILITIIBS of all the methods diacussed." — The EUetrieian. 

** Dr. BoROHBRS' wbll-known work . . . must or neobssity 3E acquired by 
erery one interested in the subject. Ezobllbntly put into English with additional 
matter by lir. 'il'>'hliLLAS."— Nature. 

" Will be of GREAT SBRVICB to the practical man and the Student."— JSKMeKe Smelting, 
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In Medium 8vo, Handsome Cloth, FuUy lUustrcUed, 16b, net, 

GENERAL FOUNDRY PRACTICE: 

A Practical Handbook for Iron, Steel and Brass Founders, 

Metallurgists, and Students of Metallurgy, 

By a. M^WILLIAM, A.R.S.M., and PERCY LONGMUIR. 

Contents. — Introduction.— General Properties of Matter.— Moulding Sands.— Facing 
Sands and Facings. — Foundry Tools. — Moulding Boxes. — Handling Material in the 
Foundry. — Open Sand Moulding.— Cores.- Elementary Aspects of Moulding.— Green 
Sand Moulding. — Securing Cores in Moulds.— Moulding from Guides.— Bench, Oddside, 
and Plate Moulding.— Machine Moulding.— Dry Sand Moulding.— Loam Moulding.— 
Chill Casting.— Casthi^ on other Metals.— Burning.— Weighting and Binding Materials. 
—Shrinkage. Contraction, and Warping.— Dressing Castings.— Common Faults due to 
Mould and Pattern.— Malleable or Wrought Iron, Steel and Malleable Cast Iron.— dast 
Iron.— Refractory Materials.— Fuels and Furnaces.- Mizingby Analysis.— Bemelting.— 
Working the Cupola.— Further Treatment of Cast Iron.— High Temperature Measure- 
ment.— Steel.— Notes on Metals other than Iron. — Alloys.— Mechanical Testing. — 
Micrographic Analysis.— Common Faults.— Foundry Management.— Index. 

" The student of foundry work . . . needs no other text-book. . . . The book 
•contains a tremendous amount of information, and is well written."— J^n^'nemn^ Times. 



Extra Crovm 8w. With 48 lUustratims, Zs, M, net, 

LECTURES ON IRON-FOUNDING. 

By THOMAS TURNER, M.Sc., A.R.S.M., P.I.C, 

Professor of Metallurgy in the University of Birmingham. 

Contents.— Varieties of Iron and Steel.— Application of Cast Iron.— History.— Pifo- 
duction.— Iron Ores.— Composition.— The Blast Furnace.— Materials.— K^actlons.— 
Grading Pig Iron. — Carbon, Silicon, Sulphur, Phosphorus, Manganese, Aluminium, 
Arsenic, Copper, and Titanium.— The Foundry.— General Arrangement.— Re-meltin« 
Oast Iron. — The Cupola. — Fuel Used. — Changes due to Re-melting.— Moulds and 
Moulding.— Foundry Ladles.— Pourinff and Pouring Temperature.— Common Troubles.— 
Influence of Shape and Size on Strength of Castings.- Tests. 

*' Ironfounders will And much information in the book."— Iron Trade Circular 
i^Ryland's), 

Un Large Uo, Library Style, Beautifully Illustrated with SO Plates, many 
in Colours, and 94 Figures in the Text. £2, 28. net, 

PRSCIOXJS STOM^SS: 

Theip Ppopepties, Oecuppenees, and Uses. 

A Treatise for Dealers, Manufacturers, Jewellers, and for all 

Collectors and others interested in Gems, 

By Dr. MAX BAITER^ of the University of Marburg. 

Translated by L. J. SPENCER, M.A. (Cantab.), F.G.S. 
" The plates are remarkable for their beauty, delicacy, and truthfulness. A glance at 
them alone is a lesson on precious stones, whilst the perusal of the work itself should 
add a new interest to any casket of jewels or cabinet of gems, or even to a jewellers' 
window. "—AthRnceum. 



In Large Crown Svo, With Numerous Illustrations, 8s, 6d, 

THE ART OF THE GOLDSMITH AND JEWELLER. 

A Manual on the Manipulation of Gold and the 

Manufacture of Personal Ornaments. 

By THOS. B. WIGLEY, 

Headmaster of the Jewellers and Silversmiths' Assoc. Tech. School, Birmingham. 

Assisted by J. H. STANSBIE, B.Sc. (Lond.), PJ.0., 

^; Lecturer at the Birmingham Municipal Technical School. 
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Chemical Engineering, 
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Dairy Chemistry, &c., 
Milk, .... 
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Practical Sanitation, 
Sanitary Engineering, 
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Soil Bacteria, . 
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Water Supply, . 
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Acetylene, . 
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Petroleum, 

(Handbook), 
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Glue, Gelatine, £c.. 
Leather, 
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Lubrication & Lubricants, 
India Rubber, . 
Painters' Colours, Oils, &c., 
Painters' Laboratory Guide, 
Painting and Decorating, 
Dyeing, .... 
Dictionary of Dyes, 
The Synthetic pyestuffs,. 
Spinning, .... 
Textile Printing, 
Textile Fibres of Commerce, 
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Bleaching, Calico- Printing, 
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Third Edition, Revised, Enlarged, and Re-issued. Price 6s. net. 
A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

By a. DUPRE. Ph.D., F.R.S., 
And WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of the Westminster Hospital Medical School. 

"An bxamplb op ths advantagbs of thk Systbmatic Trbatmxmt of a Sdence 
over the fragmentary style so generally followed. Bt a long way thb bbst of the small 
Manuals for Students."— ^iM/yf^. 



In Handsome Cloth. With nearly 50 Ulustrations. Ss. 6d. net. 

THE ELEMENTS OF CHEMICAL ENGINEERING. 

By J. GROSSMANN, M.A., Ph.D., F.I.C. 

WITH ▲ PREFAOK BY 

Sir WILLIAM RAMSAY, K.C.B., P.R.S. 

GONTailTS.— The Beaker and its Technical Equivalents.— Distilling Flasks, Liebig's 
Condensers.— Fractionating Tubes and their Technical Equivalents.— The Air-Bath and 
Its Technical Equivalents.— The Blowpipe and Crucible and their Technical Equivalents. 
^The Steam Boiler and other Sources of Power. — General B,emarks on the Application 
of Heat in Chemical Engineering. — The Funnel and its Technical Equivalents.— The 
Mortar and its Technical Equivalents.— Measuring Instruments and their Technical 
Equivalents.— Materials Used in Chemical Engineering and their Mode of Application. — 
Technical Research and the Designing of Flai».— Conclusion.— Chemicals and Materials. 

— INDKZ. 

"Excellent. . . . Evei^ student of chemistry attending a technical course should 
obtain a copy. '—Chemicai A«tiw. 



LABOBATOBT HANDBOOKS BT A. HUMBOLDT SEXTOM, 

Pntamm of Mstallargy In the QlMgow and WMt of Scotland Technioal OoUsge. 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF STUDBNTS. 

With niiutrations. Fivth Edition. Grown 8vo, Cloth, 3b. 

** A OOMPAOT LABORATOBT ouiDB foT beginners was wanted, and the want has 
been WMLL suPPUBD. . . . A good and nsefol book.*'— Xan«e<. 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF STUDBNTS. 

With Illustrations. Fou&th Edition, Revised. Crown 8vo, Cloth, 3«. 6d. 

** The work of a thoroughly practical chenaaL"—BrUUh Medical Journal, 
" Compiled with great care, and will supply a want.**— /ot«ma^ of EducoOion, 



ELEMENTARY METALLURGY: 

Including the Author's Practical Laboratory Course. 



[See p. 66. 



tOMDON : CHARLES SRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 



0HEM18TRT AND TBGHNOLOOT. n 

"The aathon haye sdcobbdbi) beyond all ezpectationa, and have produced a work which 
ihoold give raasH powbr to the Engineer and Manafactorer."— 7%e Timet. 

In Two Vols., Large 8vo. With lUastrations. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BY 

BERTRAM BLOUNT, F.I.O., <k A. G. BLOXAM, F.I.O. 

IHTOr^YJlKKES !• JPvtoe XOs. Od. 

CHEMISTRY OF ENGINEERING, BUILDING, AND 
METALLURGY. 

Oeneral Con^ento.— INTRODUCTION— Chemistry of the Chief Materials^ 
of Constmction— Sources of Energy— Chemistry of Steam-raising— Chemlg- 
try of Luhrioation and Lubricants— Metallurgical FrocesseB used in the 
Winning and Manufacture of Metals. 

VOUiUlKKES 11. Pvtoe XOau 

Second Edition, Thoroughly Revised. Illustrated. 16s. 

THE CHEMISTRY OF MANUFACTURING 
PROCESSES. 

Oeneral Contenfo.— Sulphuric Acid Manufacture— Alkali, ftc. —Destructive^ 
Distillation -Artificial Manure— Petroleum — Ume and Cement —Clay and 
aiass — Sugar and Starch — Brewing and Distilling — Oils, Resins, and 
▼amishes— Soap and Candles — Textiles and Bleaching — Colouring 
Matters, Dyeing, and Printing — Paper and Pasteboard — Pigments and 
Paints — Leather, Qlue, and Size — Explosives and Matches — Minor 
Manufactures. 

<' Certainly a qood and useful book, constituting a pbaotioal quids for stadents bv 
affording a elear oonoeption of the numerous processes as a whole.'*— OhMnieal Tradt 
JoumtU. 



Second Edition. In Large 8va Handsome Cloth. With 800 pages 
and 154 Illustrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES : 

neiR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C R. alder WRIGHT, D.Sc, F.R.S., 

Late Lecturer on Chemistry. St Mary's Hospital Medical School ; Examiner 
in " Soap " to the City and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.LC, F.CS. 

" Win be found absolutely indispbnsablb." — T/u Analyst. 

"Will ranlc as the Stahdamd English Authority on Oils and Fats for many 
years to come,**— Industries and Iran. 

LONDON: CHARLES QRIFFIN & G0„ LIMITED, EXETER STREET. STRAHtk 
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FllTH Edition, Thoroughly Revised, Greatly Enlarged and Re-written. 
With additional Tables, Plates, and Illustrations. 21s. 

FOODS: 

THEIR COMPOSITION AND ANALYSIS. 

By a. WYNTER BLYTH, M.R.C.S., F.I.O., F.O.S., 

Barrister-at-Law, Pablic Analyst for Uie Ooontr of Devon, and 
Medical Officer of Health for St. ICarylebone. 

And M. WYNTER BLYTH, B.A., B.So., F.C.S. 

Gbneual Contents. — History of Adulteration. — Legislation. — Ap- 
f>aratns. — " Ash.'' — Sugar. ^Confectionery. — Honey. — Treacle. — Jams 
and Preserved Fruits.— Starches. — Wheaten-Flour. — Bread. —Oats.— 
Barley. — Rye. — Rice. — Maize. — Millet. — Potatoes. — Peas. — Lentils. — 
Beans. — Milk.— Cream. — Butter. — Oleo-Marffarine. — Cheese. — Lard. • 
Tea. — Coffee. — Cocoa and Chocolate. — AleohoL — Brandy. — Rum. — 
Whisky. — Gin. — Arrack. — Liqueurs. — Absinthe. — Yeast. — Beer. — Wine. 
— Vineffar. — Lemon and Lime Juice. — Mustard. — Pepper. — Sweet and 

Bitter iUmonds. —Annatto. —Olive Oil.— Water Analysis.— Appendix : 

Adulteration Acts, fto. 

»* Simply nroisPBuaABLx in the Analyst's laboratory."— Z'Ac Lcmut. 

^ A new edition of Mr. Wynter BlVth*8 Standard work, xhxxobsd wtth all thb vmcaan 
4>i800TBBiS8 AVD mpBOYXMXHTB, will M accepted as a boon."— CAem<ea< Num. 



FouBTH Edition, Thoroughly Revised. In Large 8vo, Cloth, with 
Tables and Illustrations. 21s. net. 

POISONSs 

THEIR EFFECTS AND DETECTION. 

By a. wynter BLYTH, M,R.C.S., F.I.C., F.O.S., 

Barrister-at-Law, Public Analyst for the Gonn^ of DcTon, and 
Medical Officer of Health for St Marylebone. 

GENERAL CONTENTS. 

I. — Historical Introduction. II. — Classification — Statistics — Connection 
between Toxic Action and Chemical Composition — Life Tests — General 
Method of Procedure — The Spectroscope — Examination of Blood and Blood 
Stains. III.— Poisonous Gases. IV.— Acids and Alkalies. V. — More 
or less Volatile Poisonous Substances. VI. — Alkaloids and Poisonous 
Vegetable Principles. VII. — Poisons derived from Living or Dead Animal 
Substances. VIII. — The Oxalic Acid Group. IX. — Inorganic Poisons. 
Appendix: Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

"Undoubtedly thi most ooMPun wobk on Toxicology in our languafte."— 2%e ^iMriysl (vm 
'the TMrA EdiMon). 

" As a nAonoAJ, «uidi, we know no mrsk work."— 2'^ Lancet (on tA« TMrd EdMmf, 
%* In the Thiu) Bdrion, Enlarged and partly Re-written, Nbw Avaltvioal Mkhom have 
4Men introdnoed, and the Oadatbeio Alkaloids, or Ftom aivis, bodies playing so great a part In 
iPood-poisoning and hi the Manifestations of Disease, have receiyed spedal attention. 

UMDON: CHARLES 6RIFFIN « CO.. LIMITED. EXETER STREET. 8TRAMD. 
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Second Edition. With Numerous Tables, Fully Illustrated. 

DAIRY CHEMISTRY 

FOB DAIBT MANAGERS, CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Chemists and others 

having Control of Dairies. 

By H. droop RICHMOND, F.I.C., 

CHEMIST TO THB AYLESBURY DAIRY COlfPANY. 

Contents,— I. Introductory. — The Constituents of Milk. II. The Analysis ol 
Milk. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 
VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 
than the Cow. — Appendices. — Tables. — Index. 

" . . . In our opinion the book is the bbst contkibution om thb subject that 
HAS YBT APPEARED in the English laxigvaLgc."— Lancet (on the First Edition). 



Fully Illustrated. With Photographs of Various Breeds of Cattle, kc. 

68. net 

MILK: ITS PRODUCTION & USES. 

With Chapters on Daiiy Farming, The Diseases of Cattle, and on the 
Hygiene and Control of Supplies. 

By; EDWARD F. WILLOUGHBY, 

M.D. (Lend.), D.F.H. (Lond. and Camb.). 

"We cordially recommend it to everyone who has anything at all to do with milk."— 
Dairy World. . 

In Crown 8vo, Fully Illustrated. 2s. 6d. net. 
THE LABOBATOBY BOOK OF 

DAIRY ANALYSIS. 

By H. droop RICHMOND, F.I.C., 

Analyst to the Aylesbury Dairy Co., Ltd. 

" Without doubt the best contribution to the literature of its subject that has ever been 
wntten."— Medical Timet. 

At Press. In Crown 8vo. Handsome Cloth. IlluBtrated. 

SOXIL. SJLCXSRXA. 

By JAMES CLARK, M.A., D.Sc., A.RC.S., 

Principal of the Central Technical SchoolB for G<Hmwall. 

COHTBNTS. — The Micro-organisms of the Soil, their Appearance, Growth, Repro- 
duction, Activity and Conditions of Bzistence.— Soil Bacteria and their Belations to 
Organic Matter.— Decompoeition and Patref action.— Formation and Nature of Humus ; 
DeoompoBition of Farm-yard Manure.— Effects of Tillage Operations and of Various 
Manures on the Decomposition of the Organic Matters in the Soil.— Fixation of F^ee 
Nitrogen by Bacteria Living in Symbiosu with Higher Plants.— Nitragin.— Fixation 
of Free Nitrogen by the Soil.— Alinit.— Nitrification.- I>enitriflcation.—ConditioD8 
and Treatment Favourable for the Increase of Soil Nitrogen and for the Prootss 
of Nitrification.— Soil Bacteria which are of Minor Importance. 

LONDON: CHAaiES gRlFHN & G0„ LIMITED, EXETER STREET, STRAND. 
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Crown 8vo, Handsome Clotb. Fully Illustrated. los. 6d« 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bacteilo^ 

logical Examination. 
A Praotioal Handbook for Medical Men, Ana/yata, Inapeotora and others^ 
By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S., 

Member of Council, Society of Public Analysts. 

With Numerous Tables, Illustrations^ and a Coloured Plate, 

" A compilation which will be most usefiifcfor the class for whom it is \ntendsd."—AtketueMm. 
" A book which NO ONE whose duties inrolre considerations of food supply CAN AFFORD TO BB 
WITHOUT."— IfWMftC^/ ypumal. 



In Large 8vo. Handsome Cloth. 

AGRICDLTORAL CHEMISTRY AND ANALYSIS : 

A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS, 
By J. M. H. MUNRO, D.Sc, F.LC, F.O.S., 

Professor of Chemistry, Downton College of Agricaltnre. 

[/» PrsparaHon, 

In Large 8vo. Handsome Cloth. With namerous Illustrations. 
Each Volume Complete in Itself^ and Sold Separately, 

TECHNICAL MYCOLOGY: 

The Utilisation of Micro-organiama in the Arta and Manufacturea. 
By Dr. FRANZ LAFAR, 

Prof, of Fermentatlon-Physiolocy and Bacteriology in the Technieal High School, Vienna. 

With an Introduction by Dr. EMIL CHR. HANSEN, Principal of the Carlsberg 
Laboratory, Copenhagen. 

Translated by CHARLES T. C. SALTER. 

Vol. I.-SCHIZOMYCBTIC FERMENTATION. 158. 

Vol II., Papt L-EUMYCETIC FERMENTATION. 7s. 6cL 

"The first work of the kind which can lay claim to completeness in the treatment of 
a fasoinatixig subject. The plan is admirable, the dassiacatiou simple, the style is good, 
and the tendency of the whole volnme is to convey sure information to the reader.**— 



Crown 8vo, Handsome Cloth. With Diagrams. 7s. 6d. net. 
[Companion Volume to "FERMENTS," by the aame Author.] 

TOXINES AND ANTITOXINES. 

By OARL OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Translated from the German by 

C. AINSWORTH MITCHELL, B.A., F.LC, F C.S. 

With Notes, and Additions by the Author, since the publication of the German Edition. 
"For wealth of detail, we have no small work on Tnxines which equals the one 
imder review "—Jfedtcoi Times. 

LONCOK : CHARLES 6RIFFIN i CO.. LIMITED. EXETER STREET, STRAND 
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In Crqwn 8vo, Handsome Cloth. Price 7s. 6d. net. 

F E R M E N T S 

Jl. M^ D rrSCEXR Jl. C T X O M^ 8. 

A Text-book on the Chemistry and Physios of Fermentative Changes. 

By carl OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Iiutitate at Erlangen. 
Translated from the German by 
C. AINSWORTH MITCHELL, B.A., P.I.C., F.C.S. 
Abridged CoNTBNT8.~Iiitrodnction.—Defl]iitioii.— Chemical Nature of FermeBta.-*- 
Influence of External Factors.— Mode of Action.— Physiological Action.— Secretton.— 
Importance of Ferments to Vital Action.— Proteolytic Ferments.— Trypsin.— Bacteriolytic 
and Hsemolytic Ferments.— Yegetable Ferments.— Ck)agnlating Ferments.— Saccharifying 
Ferments. — Diastases. — Polysaccharides. — Enzymes. — Ferments which decompose 
Glncosides.— Hydrolytic Ferments.— Lactic Acid Fermentation.— Alcoholic Fermenta- 
tion.— Biology of Alcoholic Fermentation.— 0xyda8es.—0zidising Fermentation.— Bibli- 
ography.— Index. 

" Saeh a Teiitable fMUtum in parvo has neyer yet appeared."— ^reiMn' J<nimal. 



Third Edition. In Handsome Cloth. Fully Illustrated. 21s. net. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WALTER J. SYKES. 

Revised by ARTHUR R. LING, P.LC, P.C.S., 

Editor of the Journal of the Institute of Brewing. 

CONTXNTS. — Physical Principles Involved. — The Chemistry of Brewing. — The 
Microscope. — Vegetable Biology. — Fermentation. — Water. — Barley and Malting.— 
Arrangement of Brewery Plant.— Quantities of Materials.— Fermentation.— Antisepncs. 
-Finfaogs.— Characteristics of Beer.— Diseases of Beer.— Index. 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net. 

PEAT: Its Use land Manufacture. 

By PHILIP R. BJORLING, Consulting Hydraulic Engineer, 
And FREDERICK T. GISSING. 

GuBBAL CoirmiTS.— Introdaction.— The Formation of Peat— Area and Depth of Bogs in 
Principal Conntriee.— Mannfactore of Peat Fael, die— Oat Peat, Dredged Peat, and Mannfactiued 
Peat.— Machinery employed hi the Manafactureof Peat FneL— Peat Moss Litter, and the Machinery 
employed in its Mannfactnre.— Peat Charcoal and its Manufacture— Cost of making Peat Fael and 
<7harooal.— Other Prodactions derived from Peat, such as Tar, Manure, Candles, Dyes, Paper, Ae. 

— ^BlBUOQKAPHT.— INDIX. 

"Avastamonntof valuable information . . . excellent illustrations."— lYmes J^n^neeKng 
''The treatment throughout is clear and interesting . . . excellent plates.' —J^nffinetfHfv. 



In Crown 8vo. Handsome Cloth. With SO Illustrations. 6s. net. 

THE CLAYWORKER'S HANDBOOK. 

An Epitome of the Materials and Methods employed in Brlchma/ting and Pottery. 
By the Author op "THE CHEMISTRY OF CLAYWOBKING," Ao. 
Gbbbbal CoBTBNTS.— Materials used in Glayworking ; Clays, Engobes, Olases. Colours, 
Water, FneL Oils, and Lulricants.— The Preparation of the Clay, Mining and Quarrying: 
Weathering, Washing, Grinding. Tempering, and Puraing.— Machinery ; Boilers, Engines, GenenQ 
Macliinery, iSieves, Mixing Machinery, Presses, Ac— Dryers and Drying.— Engbbing and Glasing. 
—Setting or Charging, Transport.— Silns.— Firing.— Discharging, Sorting, and Packing.— Defects 
and Waste.— Tests, Analysis and Control.— Biblio6bapht.—Tablb8.-Ii(dbz. 

"We can thoroughly recommend this handy little book to all our readers." -£»*iefe «mI 
Pottery Trades' Joftmai. 

LONDON : CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRAND. 
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AUTHORISED ENGLISH TRANSLATION. 

In Lftrge 8vo. Cloth.. With about 150 Illustrations and 360 pages. 

A MANUAL OF 

THE PRINCIPLES OF SEWAGE TREATMENT. 

By Prop. DUNBAR, 

Director of the Institute of State Hygiene, Hamburg. 

Translated by HARRY T. CALVERT, M.Sc, Ph.D., F.LC, 

Of the West Riding of Yorkshire Water Board. 

%* Professor Dunbar presents the subject in a logical and thoroughly scientififr 

maimer, and deals, not only with Oerman conditions, but also very largely with those- 

of this country and America, many of the admirable illustrations being English and 

American. 

BemUifuUy IlhMreUed^ vftih Numerous FlcUes, Diagrams^ cand 
Fiffurea in the Text. $U, net, 

TRADES' WASTE! 

ITS TBEATMENT AND UTHiISATION. 

. Handbook for Borough Engineers, Surveyors, Arehlteets, and Analysts. 

By W. NAYLOR, F.O.S., A.M. Inst. C.B.. 

Ohief Inspector of Rivers, Ribble Joint Oommlttee. 

COMTniTB.— I. Introduction.— II. Chemical Engineering.— HI.— Wool Dej^aslng 
and Grease Recovery.— lY. Textile industries : Calico Bleaching and Dyeing.— VT Dyeing 
and Cali oo-Pr inting.— YI. Tanning and Fellmongery.- YII. Brewery and Distillery 
Waste.— Ym. Paper MUl Refuse.— IX. General Trades' Waste.— INDIZ. 

** There is probablv no person, in England to-day better fitted to deal rationally with 
such a subject."— i)»*t«iA Scmitarian. 



In Handsome Cloth. With 59 Illustrations. 6s. net. 

A Manual for the Use of Manufacturers, Inaoectora, Medical Officers of 
Health, Engineers, and Others, 

By WILLIAM NICHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation. 
Contents.— Introduction. — General Legislation against the Smoke Nuisance.— 
Local Legislation.— Foreign Laws.— Smoke Abatement.— Smoke from Boilers, Furnaces, 
and Kilns.— Private Dwelling-House Smoke.— Chimneys and their Construction.— 
Smoke Preventers and Fuel Savers. —Waste Gases from Metallurgical Furnaces.— 
Summary and Conclusions.— Indsx. 

*' We welcome such an adequate statement on an important subject."— 0rMi& 
MtdiGol Joumat. 



Second Edition. In Medium 8vo. Thoroughly Revised and Re-Written. 

15s. net, 

CALCAREOUS CEMENTS: 

THEIR MATURE. PREPARATION, AND USES. 

"Wft^liL Moxieae XKexseaa^vkfli -vapoaa C«a9cm«aa« Veai^Axaif*. 

By GILBERT R. REDGRAVE, Assoc. Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

•*We can thoroughly recommend it as a first-class iavesXxaitD.t."'— Practical Engineer. 

UNDON: CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET, 8TRANIL 
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With Four Folding Plates and Numerous IHustrations. Large 8yo. 
88. 6d. net. 

WJLrrSR SUPPIjY: 

A Praetieal Treatise on the Seleetion of Soureea and the Distribution of Water. 
Bt BBGINALD K MIDDLETON, M.INST.G.E., M.Inst.Mboh.£., F.S.I» 

ABRiDasD GOMTBNTS.— Introductory.— KequlrementB m to Quality.— Bequirementt- 
M to Quantity.— Storage Be8erToir8.—Purmcation.— Service Besenroirs.— The Floir 
of Water through Pipes. — DiBtributing Systems. — Pumping Machines. — Special 
Requirements. 

" As a companion for the student, and a constant reference for the technical man, we- 
anUeipate it will take an important position on the hoolahelV— Praetieal Engineer, 



In Large Crown 8vo. Fully Illustrated. In Two Volumes. 

VoLums I. Fourth Edition. Price 78. 6cl. net. 
,, II. Third Edition. Ready Shortly. 

THE CHEMISTRY OF 

A Hand-Book on the Produotion, Purifloation, and Testing of Illuminating^ 
Qaa, and the Assay of the Bye-Products of Gas Manufacture. 

By W. J. ATKINSON BUTTERPIELD, M.A., F.I.O., F.O.S., 

Formerly Head Chemist. Gas Works, Becktoo, London. K 
" The BIST WOBK of its kind which we have ever had the pleasure of re^^ 
viewing.**— ^/bufTuxZ of Qaa LigkHng. 



With Diagrams and Illustrations. 58. net. 

JL C E2 rr Y Ij E2 N E2 : 

THE FRINOIPLES OF ITS GENERATION AND USE. 
By F. H. LEEDS, F.I.O., F.C.S., 

Member of the Society of Public Analysts and of the Acetylene Association; 

And W. J. ATKINSON BUTTERPIELD, M.A., F.I.O., F.O.S., 

Consulting Chemist, Author of " The Chemistry of Gas Manufacture." 
'* Brimful of information."— CAem. Trade Journal. 

" We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus and methods of 
procedure, and to the student as a safe and certain gaide."— Acetylene. 



Large 8vo. Handsome Cloth. Price 16s. net. 

FIRE AND EXPLOSION RISKS: 

A Handboolt of the Detection, inoeatlgation, and Preuention of Fires and Expiosions. 

By Dr. VON SCHWARTZ. 

Translated from the Revised German Edition 
By C. T. 0. SALTER. 

Abbbidgbd Gbnbral Contents.— Fires and Enlosions of a General Character — 
Dangers arising from Sources of Light and Heat.— Dangerous Oases.— Kisks Attending 
Special Industries. — Materials Employed. — A^cultural Products.— fats, Oils, ana 
Resins.— Mineral Oils and Tar.— Alcohol, <&c.— Metals, Oxides, Acids, (fee.— Lightning 
Ignition Appliances, Fireworks. 

"The work affords a wealth of information on the chemistry of fire and kindrect 
topics."— Wr« and Water. 

"A complete and useful survey of a subject of wide interest and vital importance."— 
Oil and Colourman's Journal. 

LONDON: CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRAND. 
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Thirteenth Edition, Thoroughly Revised. The Appendix on Sanitary 
Law being Entirely Re-Written for this Edition. Price 6s. 

PRACTICAL SANITATION: 

4 HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H^ 

Ftliaw, Mem, Cowtcii, and Examiner, Samiarv InsHiuU ^ Great Briiam, 
and Medical Officer te Ou Stafferdtkire Comaty Cetmcil 

TmUb an BppetiMx on Sanitats Xaw» 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Burrister-at-Law. , 

Gbnbkal Contbnts. — Introduction. — Water Supply : Drinking Water, Pdladon of 

Water. — ^Vendladon and Wanning. — Principles of Sewage RemovaL — Details of Drainage ; 

Refuse Removal and Disposal.— Sanitary and Insanitary Work and Appliances. — Details of 

Plumbers' Work.— House Construction.— Infection and Disinfection.— Food, Inspection of; 

Characteristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food.— Appendix : 

Sanitary Law; Model Bye-Laws, ^vc. 

" A VBRY USEFUL HANDBOOK, with a Tcry useful Appendix. We recommend it not only to SANITARY 

INSPECTORS, but to HOUSBHOLOBkS and ALL interested in Sanitary Matters."— %S'<»(iAsfy Record. 



In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. Incor. Assoc. Mun. and County Engineers; Surveyor, Womb well, Yorks. 

» Contents.— Water Supply. — ^Ventilation.— Drainage.— Sanitary Building Construction.— 
Infectious Diseases. — Food Inspection. — Duties of an Inspector of Nuisances and Conunon 
Lodging- Houses. — Infectious Diseases Acts. — Factory and Workshop Acts. — Housing of 
the Working-Classes Act.— Shop Hours Acts.— Sale of Food and Drugs Acts. The Mar- 

5arine Acts. — Sale of Horseflesh, &c.. Rivers Pollution.— Canal Boats Act.— Diseases of 
jiimals. — Dairies, Cowsheds and Milkshops Order. — Model Bye-Laws. — Miscellaneous. — 
Index. 
" Accurate, reliable, and compiled with conciseness and care.** — Sanitary Record, 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profusely 
Illustrated. Ss. 6d. net. 

SANITARY ENGINEERING: 

A PraotiocU Manual of Town Drainage and Sewage and Refuse Diapoaai, 

For Sanitary Authorities, Enffinoors, Inspootors, Arohltooto, 

Oontraotors, and ttudonts. 

By FRANCIS WOOD, AM.Inst.C.E., F.G.S., 

Borough Bttgineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 
GENSBAL CONTENTS. 
Introduction. — Hydraulics.- Velocity of Water in Pipes. — Earth Presstu-es and Retaining 
Walls. — ^Powers.— House Drainage. —Land Drainage. — Sewers.— Separate System.— Sewag« 
Pumping.— Sewer Ventilation. — Drainage Areas.— Sewers, Manholes, &c— Trade Refuse. — 
Sewage Disposal Works. — Bacterial Treatment. — Sludge Disposal. — Construction and 
■Cleansing of Sewers.— Refuse Disposal.— Chimneys and Foimdations. 

" The Tolume bristles with information which will be greedily read by those in need of assistance. The 

book IS one that ought to be oit the booksheires of BVBRY practical BftGittBRK." Sanitary yeitmeU. 

" A VBRrrABLB POCKET COMPENDIUM Of Sanitary Engineering. ... A work which may, la 

<iiiany respects, be considered as COMPLETE . . commendably CAUTIOUS . . . INTERBSTZNG 

. . . SVGGBSTVrB.:'— Public HeaUh Sfyrineer. 

lONDON: CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET, STRAMD. 
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Vol. I. Now Ready. In Half Morocco, 248. net. 

In Two Volumes^ each complete in itself, 

PHYSICO-CHEMICAL TABLES 

FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 
MANUFACTURERS AND SCIENTIFIC CHEMISTS. 

Yoinme I. — Cbemical Engineering, Physical Chemistry. 
Volume II.— Chemical Physics, Pure and Analytical Chemistry. 

[ShorHty, 

By JOHN CASTELL-EVANS, F.I.C., F.C.S., 

Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical Collie. 

The Tables may almost claim to be exhaustive^ and embody and collate all the most 
recent data es^iblished by expterimentalists at home and abroad. The volumes will be 
found invaluable to all engaged in research and experimental investigation in Chemistry and 
Physics. 

The Work comprehends as far as possible all kulbs and tables required by the 
Analyst, Brewer, Distiller, Acid- and Alkali-Manu&cturer, &c., &c. ; and also the prin- 
cipal data in Thbrmo-Chbmistry, Elbctro-Chbmistry, and the various branches of 
Chemical Physics. Every possible care has been taken to ensure perfect accuracy, and 
to include the results of the most recent investigations. 



Sboond Edition. In Large 8w. Handsome Cloth, BeautiJuUy 
Illustrated, With Plates and Figures in the Text, 

Road Making and Maintenance: 

A FBACTIOAL TBEATISE FOB ENGINEEBS, 
SUBVEYOBS, AND OTHEBS. 

With an Historical Skbtch of Anoibnt and Modbrn Pbaotiob. 
By THOS. AITKEN, Assoc. M.Inst.O.E., 

Member of the Association of Municipal and County Engineers ; Member of the Sanitary 
Inst ; Surveyor to the County ConnoU of Eire, Cupar Division. 

WITH NUMEROUS PLATES, DIAQRAMS, AND lUUSTRATIONS, 

Contents. — Historical Sketch. — Resistance of Traction. — Layine out 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal.— Quarrying.— Stone Breaking and Haulage.— Road- 
Rolling and Scarifying. — The Construction of New, and the Maintenance 
of existing Roads. — Carriage Ways and Foot Ways. 

**^The Literary style is axGiuiST. . . . A coKPKBHiNsrvH and ixcuLHirT Modem Book, an 
UF-90-DATB work. . . . Should be on the reference shelf of every Municipal and Coimty 
Ihiffineer or Surveyor in the United Kingdom, and of every Colonial Engineer."— !nk« Swrveyor. 

lONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. STRANDl 
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In Large 8vo. Handsome Cloth. Profusely Illustrated. 
A COMPREHENSIVE TRBATISEJ.ON 

COLOUR MANUFACTURE. 

ComprislnfiT the Manufactupe. Investiaration, and Ppactical Application oC 
ColourUifiT Matter. 

By GEORGE ZERR and Db. R. RUBENKAMP. 

Translated bt Db. C. MAYEB, of Burqdorf. 



Fourth Edition, Revised and Enlarged. With Illustrations. 12s. 6d* 

PAINTERS' COLOURS, OILS, AND YARNISHES : 

A PRAOTTOAIi BKANnAI.. 

By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry ; Lecturer on the Technology of Painten' 
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester. 

Qknbral Contents.— Introductory— Thb Composition, Manufactukb^ 
A3SAT, and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Blue. Brown, and Black— Lakes — Colour and Paint Machinery— Paint Vehicles 
(Oils, Turpentine, &c., &c.)— Driers— Varnishes. 

" A THOROUGHLY PRACTICAL book, ... the ONLY English work that satisfactorily 
treats of the manufacture of oils, colours, and \AfjxitDX&/* -^Chemical Traded fvwnml. 



In Crown 8vo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTER'S LABORATORY GUIDE. 

A Student's Handbook of Paints, Colours, and Varnishes. 

By GEORGE H. HURST, F.C.S., M.S.C.L 

Abstract of Contents. — Preparation of Pigment Colours. — Chemical Principles 
Involved.— Oils and Varnishes.— Properties of Oils and Varnishes.— Tests and Experiments. 
— ^Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

"This excellent handbook, . . . the model of what a handbook should be."— (Pi/r,. 
Colourt^ and Drysalteries, 



Third Edition, Revised. In Crown 8vo. extra. With Numerous Hlustra- 
tions and Plates (some in Colours), including Original Designs. 128. 6d. 

Painting and Decorating: 

A Complete Fraettoal Manual for House 
Painters and Decorators. 

By WALTER JOHN PEARCE, 

UBOTUKKR AT THX KAH0HB8TSS TSGHNICAL SCHOOL FOB HOnSK-FAIiniNO AND DSOOBATDTO 
** A THOROUGHLY USEFUL BOOK ... GOOD, SOUND, PBAOTIOAL INTOB- 

kation in a olbar and concise yob.^."— Plumber and Decorator, 

*' A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . So FULL and 

OOHFLITB that it would be difficult to imagine how anything further oould be- 
added about the Painter's craft"— ^i£t/(2eri^ Jowmal. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET. STRAND. 



0HBMISTR7 AND TBOHNOLOGT. 8» 

Second Edition. In Large 8vo. Handsome Cloth. With 4 Plates 
and Several Illustrations. 1 6s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

A Treatise on the Nature of India Rubber, its Chemical and Physical Examina-^ 
tlon, and the Determination and Valuation of India Rubber Substitutes. 

Including the Outlines of a Theory on Vulcanisation, 
By carl otto WEBER, Ph.D. 

'* Replete with scientific and also with technical interest. . . . The section on physical 
properties is a complete Hsumi of every thing known on the ^\xh]ect."—IfuUa-rubb*r joumaL 



In Laige Crown 8vo. Fully Illustrated. 5s. net. 

AND THEIR ALLIED PRODUCTS, 
A Practical Handbook for the Manufacturer, Agriculturist, and Student of Technology,. 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

CoNTKNTS.— Historical.— Olue.— Gelatine. — Size and Isinglass.— Treatment of Efflu- 
eate produced in Glue and Gelatine Making.— Liquid and other Glues, Cements, &c.— Uses- 
of Glue and Gelatine. — Residual Products.— Analysis of Raw and Finished Products.— 
Appendix. —Index. 

"A sufficient account of modem methods of working, chiefly from a practical standpoint.. 
A book . . . ofteaXyiSyxe"— Chemical News. 



In Large 8vo. Handsome Cloth. Fully Illustrated. 15s. net. 

XiBJl.TSCESR rrRJl.DE:S' CSCESnOLXSrTRY. 

A Practical Manual on the Analysis of Materials and Finished Products. 
By S. R. TROTMAN, M.A., F.I.C., 

Public Analyst for the City of Nottingham, Member of the International Association 

of Leather Trades' Chemists. 

Synopsis of Contents.- Standard Solutions.— Acids, Alkalies, &c.— Water.— Depilation- 

and Deliming.— Fleshings, &c.— Glue.— Spent Liquors.— Mineral and Vegetoble Tanning. 

Agents. — Oife. — Soaps.— Varnishes.— Skin.— Leather. — Dyestuffs.— Degreasing Agents. — 

Effluents.— Glcssary,— Index. 



In Medium 8vo, Handsome Cloth. Fully Illustrated. I2s, 6d. net. 

PAPER TECHNOLOGY! 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES^. 
AND CHEmCAL CONSTITUENTS OF PAPER AND OF 
PAPERMAKING FIBRES. 
With Selected Tables for Stationeps, Publishers, and Others. 
By R. W. SINDALL, F.C.S. 
Contents.— Introduction. — Technical Difficulties relating to Paper.— Rag Papers.— 
Esparto, Straw, Notes on Beating.— Wood Pulp.— Wood Pulp Papers.— Packing Papers — 
"Art" Papers.— The Physical Qualities of Paper.— The Chemical Constituents of Paper. 
—The Microscope.— Fibrous Materials used in Paper - making —Analysis of a Sheet of 
Paper.— The CBS. Units. —Celkilose and its DerivatiYes.— History. Chronology, and 
Statistics.— Dictionary of Chemical Terms.— Glossary.— City and Guilds Questions.— 
Indbx. 
*" Exceedingly instructive and particularly useful."— /*tf>tfr Makers' Monthly Journal, 



In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 

THE MANUFACTURE OF INK. 

A Handbooii of the Production and Properties of Printing, Writing, and Copying Inks^ 
By C. a. MITCHELL, B.A., F.I.C., F.C.S., & T. C. HEPWORTH. 

"Thoroughly well arranged . . . and of a genuinely practical order.*'— ^rr*A*A/*rr»/irr. 

LONDON: CHARLES fiRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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VKE2 'K'ESaL'K'IILiE I1CDYJ8VXKIE2S. 



Sboond Edition, Thoroughly Revised Throughout, In Two Large 
Volumes, Handsome Cloth, 

A MANUAL OP DYEING; 

fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 

BY 

E. KNEGHT, Ph.D., F.I.C., GHR. RAWSON, F.LC., F.C.S., 

HMd of the Chemlatry and Dyeing Department of Late Head of the Chemlatry and Dyeing Departaunt 
«k« Tedhnloal fiohooU Maneherter: Hditor oif "The of the TeohnlORl CoUwe. Bndted : MamlMr 
f owiul of the aodety of Dyen and OolonriBte ; " OonneU of the Soolety of Dysn and OoleviJelib 

And RICHARD LOEWENTHAL, PluD. 

General Contents.— Chemical Technology of the Textile Fftbrios— 
Water — Washing and Bleaching — Acids, Alkalies, Mordants — Natural 
Colouring Matters— Artificial Organic Colouring Matters— Mineral Colonrs 
— Machinery used in Dyeing — Tinctorial Properties of Colouring Matters — 
Analysis and Valuation of Materials used in Dyeing, kc, ftc. 

** Thli aathoritatlTe and exhanstiye work ... the most ooicplxtb we htaw j^ eeen 
•OB the Bobieet."— Textile Ma$mfaetttrer. 



In Large 8vo, Handsome Cloth, Pp. i-xv + 405. IBs, net, 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNBLL CAIN, D.Sc. (Manchkstbb and Tt^BiNOBN), 

Technical Chemist, 

And JOCELYN FIELD THORPE, Ph.D. (Heidelberg), 

Lecturer on Goloniing Matters in the Yictoria University of Manchester. 

Part I. Theopetieal. Part II. Praetieal. Part III. Analsrtieal. 

" We have no hesitation in describing this treatise as one of the most valuable books 
that has appeared. . . . Will give an impetus to the study of Organic Chemistry 
generally.*'— C%«mteaJ Trtide Journal. 



Companion Volume to Kneeht d: Rawson^s ** Dyeing," In Large 8v0* 

Handsome Cloth, Library Style, 16s, net. 

A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

With Formula, Properties, and Applications of the various substances deseribeU, 

and concise directions for their Commercial Valuation, 

and for the Detection of Adulterants, 

By CHRISTOPHER RAWSON, F.I.O., F.C.S.. 

Oomralting Chemist to the Behar Indigo Planters' Association; Co-Anthor of "A Manual 

of Dyeing;" 

WALTER M. GARDNER, F.O.S., 

Head of the Department of Chemistry and I>yeing, Bradford Manidpal Technical Oollege ; 
Editor of the ** Joom. 8oc. Dyers and Oolourists ; " 

And W. F. LAYOOOK, Ph.D., F.O.S., 

Analytical and Consulting Chemist. 
** Turn to the book as one may on any subject, or any substance in connection with the 
trade, and a reference is sure to be found. The authors have apparently left nothing out '* 
— 2to<C< Mercury. 

lONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRAND. 



THE ThiXTlLE INDV8TB1E8, 83 

In Grown 8vo. Cloth. With Numerous Illustrations. 

THE COTTON WEAVERS' HANDBOOK. 

A Practical Guide to the Construction and Costing of Cotton Fabrics, 
witli Studies in Design. 

By henry B. HEYLIN, 

Of the Soyal Technical Institute, Salford. 



Large Svo. Profusely Illustrated with Plates and Figures in the Text 

168. neb. 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX, HEMP, JUTE, TOW, &, RAMIE). 

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding, 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

By HERBERT R. CARTER, Belfast and Lille. 

Gbnbral Contents. —Long Vegetable Fibres of Commerce.— Rise and Growth of 
Uie Spinning Industry.— Saw Fibre Markets.— Purchasing Raw Material.— Storing and 
Preliminary Operations.— Hackling.— Sorting.— Preparing.— Tow Carding and Mixmg.— 
Tow Combing.— Gill Spinning.— The Roving Frame.— Dry and Demi-sec Spinning.— Wet 
Spinning.— Spinning Waste.— Yam Reeling.— Manufacture of Threads, Twines, and 
Cords. — Rope Making.— The Mechanical Department.— Modem Mill Construction. - 
Steam and water Power.— Power Transmission. 

*' Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satisfactory. . . . We must highly commend the work as repre 
tenting up-to-date practice."— Mature. 



In Large Svo, ffandsome Cloth, with Numerous IllustrcUions, 9«. net. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Oooarrenoe, Distribution^ Preparation^ and Industrial 

Uses of the Animal, Vegetable, and Mineral 

Products used in Spinning and Weaving. 

By WILLIAM I. HANNAN, 

Leetorer on Botany at tbe Ashton Monicipal Technical School, Lecturer on Oottoii 
Spinning at Uie Ohorley Sdenoe and Art School, Ac 

With Numerous Photo Engravlnga from Nature. 

** Ubbfol Imtobmation. . . . Admi&abls Illcstbations. . . . The information 
is not eaaily attainable, and in its present convenient fomi will be valuable. "—IVorMte 
Beeorder. 

In Large Svo, with Illustrations and Printed Patterns. Price 3I& 

A FBACTICAIi HAlTTJAIi. 
Indndiiig the Processes Used in the Printing of 
COTTON, WOOLLEN, SILK, and HALF- 
SILK FABBICS. 
By 0. F. SEYMOUR ROTHWELL, P.C.S., 

Mem. 8oe. of Cftemteal Industries; late Lecturer at the Municipal Technical Adkooi, 
Manchester. 

* Bt vab thx bkst and most PEAonoAL book on tbxtilb PBnrrura which has yet been 
ht ont, and will lovM remain the standard work on the subject It is essentially 

_joal in eharaeter.*'— mdTc Mercury. 

* Thb most PBAonoAL MANUAL of TBXTILB pBiHTDra which has yet appeared. We have 
BO hesitation in recommending iV*—The Textile Manufacturer. 

LONDON: CHARLES aRIFFIN « CO.. LIMITED, EXETER STREET, STRANa 
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Large 8vo. Handsome Cloth. 12b. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 
Practical Men. 



By GEORGE DUEER, 

jMhlng, Dyeing, and Print 

Technical Sdhools ; Ohemirt and i 



Olraefeor of the Bleaching, Dyeing, and Printing Dqiartment at the Aoeriiigton and Bacap 
-._-. --^ . . .^ Orfoarirt at the Inrell Print Woika 



Assisted bt WILLIAM TURNBULL 

(of Tumhon ft Stockdale, Limited). 

With IlluBtrationB and upwards of One Hnndred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described. 

QENERAL CONTENTS. —Cotton, Composition' of; Blbaghiko, New 
Processes ; PBiNTiNa, Hand-Block ; Ilat-Press Work ; Machine Printings 
Mobdantb— Styles of Calioo-Pbintivo : The Dyed or Madder Style, Beaat 
Padded SMe, Discharge and Extract Style, Chromed or Raised Coknurs^ 
Insoluble Colours, &c. — Thickeners — Natural Organic Colouring Matters 
—Tannin Matters — Oils, Soaps, Solvents —Organic Adds—Salts— lifineral 
Colours — Coal Tar Colours— I%eing — ^Water, Softening of —Theory of. Colours 
— ^Weights and Measures, &c. 

" When a wudt wat out of a dlfflcalty is wanted, it la iv books uks this that It la found."— 
TmUle Bteord$r. 

''Mr. Dunm'B woek will be foond most vsitvl. . . . The information glTen la of auAf 
VALUB. . . . The Reeipee are VHOBOUOHIT pmAOTiOAK."— 2VcbMI« jra»«(AMMirir. | 



At Press. In Handsome Cloth. With 76 Illustrations* 

DYEING AND GLEANING. 

By frank J. FARRBLL, M.Sc, &o. 

General Contents. — Technology of the Textile Fibres. — Dry 
•Cleaning. — Wet Cleaning. — Dyeing. — Dry Dyeing. — Special Methods, 
Cleaning |ind Dyeing Skin Rugs, Feathers, and Hats.— Finishing.— 
Appendices. —Index. 

This practical and exhaustive handbook will he found of unusual 
value to those engaged in or interested in the art of Dyeing and 
meaning. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRAND* 



INTRODUCTORY SCIENCE SERIES. 85 

**BQyB OOULO ROT HAYB A MORB ALLUKINQ INTRODUOTION tO scientific ponoltl 

than these channlng-looking volumes. "--Letter to the Publishers from the Head* 
vaster of one of our great Public Schools. 

Handsome Cloth, 78. 6d. Gilt, for Presentation, Ss. 6d. 

OPEli-Mll STUDIES IJ BOTflllY: 

SKETCHES OF BRITISH WILD FLOWEBS 

IN THEIB HOMES. 

By E. LLOYD PRAEGEE, B.A., M.R.I.A. 

lUustFated by Drawings from Nature by S. Rosamond Praeger, 
and Photographs by R. Weleh. 

Gbnebal Contbnts.— a Dsdsy-Starred Pasture— Under the Hawthorns 
—By the River — Along the Shingle— A Fragrant Hedgerow — A Gonnemara 
Bog — ^Where the Samphire ctows — A Flowery Meadow — Among the Com 
(a Study in Weeds) — ui the Home of the Alpines — A City Rnhbish-Heap — 
Glossary. 

"A FBXSH AHD STiMULATiNa book . . . sbould take a high place . . . The 
Illustrations are drawn with much skill."— TA« Timet. 

" BsAunruLLT niLUBTRATSD. . . . One of the host aoousaxb as well ai 
onenuBSTlNa books of the kind we have seen."— ^tA^rusum. 

"Redolent with the scent of woodland and meadow."— TA« Standard, 



With 12 FuU-Page Uluatmtiona from Photographs. Cloth. 
Second Edition, Revised. 8s. 6d. 

OPEHIH STUDIES I]l GEOLOGY: 

An Introduetion to Geology Out-of-doors. 
By GRBNVILLE A. J. COLE, F.G.S., M.R.I.A., 

Professor of Oeology in the Soyal College of Science for Ireland, 
and Examiner in the University of London. 

Gbnebal Contents.— The Materials of the Earth — A Mountain Hollow 
—Down the Valley — Along the Shore — ^Aoross the Plains — Dead Volcanoes 
—A Granite Highland— The Annals of the Earth— The Surrey Hills— The 
Voids of the Mountains. 

**The FAsciHATiNa 'Open- Air Studies' of Pbov. Oolb give the subject a glow of 
AioKATiON . . . cannot fail to arouse keen interest in g6ologyJ"—0eologioal Moffotime. 

' * A oHABMOf G BOOK, beautiful iy Illustrated.'* - AthensBttm. 



Beautifuily Illustrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper. 7s. 6d. 

OPEli-fllH STUDIES Hi BIHD-LIFE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 

By CHARLES DIXON. 
The Spadous Air.— The Open Fields and Downs. — In the Hedgerows. — On 
Open Heath and Moor.— On the Mountains.— Amongst the Evergreens.— 
Copse and Woodland.— By Stream and Fool.— The Sandy Wastes and Mud- 
flats.— Sea-laved Rocks.— Birds of the Cities.— Index. 

"Enriched with excellent illustrations. A welcome addition to all libraries." — ]V*si' 
minster Review. 

tONDON: CHARLES GRIFFIN ft CO., LIMITED EXETER STREET. 8TRANB 



86 GHARLE8 ORIFFIN A OO.'S PUBLICATIONS. 

Twenty-fourth Annual Issue, Handsome oloth, 78. 8d. 
(To Subscribers, 6s.). 

THE OFFICIAL YEAR-BOOK 

OP THX 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 

OOMFILED FROM OFFICIAL 80X7BOBB. 

Oomprlaing {together with other Official information) LISTS of the 
PAPERS read during the Session 1906-1907 before aii the LEADING 
SOCIETIES throughout the Kingdom engaged in the following Depart- 
menta of Research :— 



f X. Science Generally : f .#., Societies occupy- 
inff themselves with several Branches of 
Saence, or with Science and Literature 



usr 



f 3. Mathematics and Phyncs. 
f 3. Chemistry and PhotogxafdiT. 
f 4. Geology, Geosraphy, and Mineralogy, 
f i. Biology, including Miaroscopy and An- 
thropology* 



S 6. Economic Sdenoe and Statistics. 
I 7. Mechanical Science, Engineering, 

Architecture 
i 8. Naval and Militanr Saence. 
S 9. Agriculture and Horticulture. 
$10. Law. 
(xx. Literature 
|x8. Psychology. 
9 13. Aichaeology. 



$14. Medicine. 



"Fills a very real want." — Engineering. 

" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh Medical 
Journal. 

" The Year-Book of Socibtibs is a Record which ought to be of the greatest use for 
die progress of Science." — ^^rrf Piag/iur, F.JR.S., IT.C.B., M.P., Pasi-Pretsdmt 9fHu 
Briiisk AstocuUioH. 

"It goes almost without ueyijag that a Handbook of this sobiect will be in time 
oneofthe most TOnqrally useful worlttfartiieli^ nro»rjhedesk. **— Tkt Timgt, 
""^^Tntish Societies are now weU representedT olEe'^ear-Book <rf the Scientific and 
Learned Societies of Great Britam and Ireland.' "--{Art. "Societies*' in New Edition of 
"Encyclopaedia Britannica," vol. xxii.) 



Copies of the First Issxte, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues following. 



The YKAR-BOOK OF SOCIBTIBS forms a complete indbx to thb scibntific work of the 
sessiona^can^n^vanou^Departments. It is used as a Handbook in all our great 
SciBMTiFic Cbntrbs, Musbums, and Libraries throughout the Kingdom, and has become 
an indispensable book of rbfbrbwcb to every one engaged in Sdentific Work. 

READY IN OCTOBER EACH YEAR. 

LONDON: CHARLES GRIFFIN A CO., LIMITED. EXETER STREET. 8TRAHD. 
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